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CHAPTER I 
THE PROBLEM 
There are a num.ber of basic assumptions underlying the 
reasons for teaching of science in the elementary grades. For example, 
it has been assum.ed that since we are living in a scientific culture 
that it is important for children to understand the scientific method per 
se and the place it holds in our way of living and thinking; further that 
the teaching of science in the elementary grades will help to develop in 
the child an ability to use the scientific method to solve problems. 
Also it is assumed that it is important to start the teaching of sci-
ence at an early age in order to develop an adequate background for 
those who will later make science the major endeavor of their lives. 
Although this study acknowledges the need to question these 
assum.ptions, it is assum.ed that they are all valid. While assum.ing 
the validity of the above, this study turns to the problem of teaching 
science to the elementary grades via television. 
Since the physical strength of our society is based on science 
there is general agree;ment regarding the urgency of developing 
~ 
young scientists. However, there are several problems that 
frustrate any easy course of action. The most important of these 
is the shortage of teachers who are qualified to teach science in 
2 
the elementary schools. In recent years there has been considerable 
discussion of the value of television as a method of teaching in the 
classroom, thus it is only natural that television should be proposed 
as a solution to the teacher shortage. 
On first analysis this seems to be an excellent solution to 
the problem. Via television a very small group of highly qualified 
teachers can be made available to practically an unlimited nw:nber 
of children. Not only does this reduce the problem of the shortage 
of qualified teachers but it reduces the per pupil cost for obtaining 
such teachers for the individual classroom. Further the use of 
television makes it possible to bring vicarious experiences and 
laboratory experiments to the classroom that would otherwise be 
impossible. The use of television seems to be an extremely 
efficient solution to the problem, further, the use of television 
seems to be justified by the studies conducted by a nw:nber of 
researchers over the past ten years. The general agreement 
seems to be that there is no significant difference between teach-
ing in the classroom and teaching by television. On the whole 
it would seem logical to accept the decision to use television as 
the solution to the problem of teaching science in the elementary 
schools. However, such an acceptance is based on certain 
assumptions, assumptions which need to be carefully analyzed 
and studied. 
One of these assumptions is that the teaching of science 
by television will develop the child's ability to do science 
reasoning. Studies involving the use of television in the class-
room have been centered around the acquisition of factual infor-
mation. There have been no studies to determine if skills in 
reasoning can be learned by television. Most authorities on 
the cognitive processes seem to agree that the development of 
skills in reasoning requires a great deal of interaction, give and 
take, between the child and the teacher and a great deal of 
interaction between the child and his environment in which 
hypothesis are made and tested by the child. Television is 
primarily vicariousJ it makes interaction between child and 
teacher (as thought of in the traditional sense) an impossibility. 
Some may argue that feed back systems can be developed to 
solve this problem; however, there is no practical feed back 
solution to a program that is being televised to six hundred 
3 
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individual classrooms. Since television is vicarious, it also limits 
the environmental activity of the child. During the program the 
child can do litUe more than watch and, in some cases, take notes. 
The child watching television can ask no questions during the pro-
gram; he can not change or manipulate the course of events that 
are progressing before him on the television tube. In short, 
television has the tendency to reduce interaction to a minimum. 
This should not be interpreted to mean that there is~ interaction. 
The mind of the child is still active and, within limits, it is 
interacting with the image and sound coming from the television 
set. Also, the program may be stimulating a desire for inter-
action which will take place after having seen the program. That 
such delayed interaction does take place was quite vividly demon-
strated during this study. Following a particular program the 
children responded by bringing a large number of birds 1 nests into 
the classroom. Another occasion led to a similar flood of plastic 
dinosaur skeletons and models. In both cases the flood was 
prompted by the television program and ndt by the teacher in the 
classrooms. 
The question raised in this study is not a question 
regarding the amount or degree of vicarious or delayed interaction 
5 
that takes place. The question is whether or not this limited and 
delayed interaction is producing changes in the ability to do scientific 
reasoning. It needs to be pointed out that this study is not concerned 
with the adequacy of the changes that are made in scientific reasoning 
but with the comparison of differences brought about by different 
methods of relating the class to the television program through the 
classroom teacher. 
The classroom teacher is the focal point of the other major 
assumption underlying the advisability of using television as a 
solution for the shortage of the qualified teachers. When considering 
educational television, many individuals often overlook the fact that 
the introduction of television hasJ in effect, changed the basic nature 
of the teaching situation. Television does not replace the teacher; 
television merely brings something new into the classroom. In 
this sense television is like the special supervisors used in the 
teaching of art, music and, in some schools, science. However, 
even this parallel is not fully adequate because the supervisor 
actually visits the classr~om, interacts with the students and more 
important, interacts with the teacher. It would be more accurate 
to think of television as being a non-interacting supervisor. 
The weekly visit of such a non-interacting supervisor 
6 
raises a number of rather important questions regarding the class-
room teacher. A major question is! how can the teacher best 
prepare the students so as to increase the degree of mental 
interaction during the program and to increase the delayed 
interaction after the program? How can the teacher best prepare 
the class for its television program? Should the teacher talk 
about the content of the program before the students see it? Or 
should the teacher wait until the class has seen the program before 
they talk together about the content? What would happen if the 
teacher did neither? What if the teacher used the program as the 
total science program with perhaps a few minutes of discussion 
immediately after the program, but with no preparation for the 
program, and with no planned follow up? Such a use of television 
programs is not as absurd as it might at first sound. Some 
teachers may feel so poorly qualified in the field of science 
that they would prefer to do nothing. This feeling might be further 
emphasized if the program made them keenly aware of their 
inadequacy. One might argue that such an awareness should 
motivate such a teacher to further his education in order to 
overcome the inadequacy. Such an argument would be quite v~lid 
in a theoretical situation, but the present situation in education 
makes such an argument questionable. The argum.ent would 
certainly apply to career teachers, but what is the percentage of 
career teachers in the elementary schools? Consider the 
7 
other problems of the young career and non-career teacher. In 
how many other areas such as reading, arithmetic, and social 
studies, do they also have feelings of inadequacy? Also older 
teachers are faced with problems when they attempt to "keep up" 
with the rapid advancements in the fields of science. These and 
other factors are apt to lead to situations in which the teacher will 
be tempted or, in some cases, will prefer to use the program as 
a self contained unit followed by a minimum of discussion. When 
this is done, what happens to the development of skill in scientific 
reasoning? 
The feeling of inadequacy raises in turn other important 
questions regarding the classroom teacher. Should the classroom 
teacher receive special training in science? How important is it 
for the teacher to be trained in the utilization of television in the 
classroom? In general, these are the questions with which this 
study is concerned.. Before stating these questions in the form of 
working hypotheses it is important to further clarify the assumptions 
underlying this particular study. 
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The basic assumptions underlying this study are: 
l) that the teaching of natural science on the elementary 
level has value in the development of ability in doing 
scientific reasoning, 
2} that it is a so1.1Xld approach to use subject matter 
specialists in the designing and production of educ-
ational television for the elementary level, and 
3} that the television techniques used on the program 
in this study for presentation of subject matter are 
sound for the teaching of natural science at the 
elementary level. 
In making any interpretation of the results of this study 
the reader should keep clearly in mind the limitations set by the 
above assumptions. 
WORKING HYPOTHESES 
1. The increase in scientific reasoning ability will be 
greater in classrooms where the teacher attempts to integrate 
the television program with classroom activity than it will be in 
classrooms where the teachers use the television program without 
preparation or follow up. 
This hypothesis is based on the assumption that there will 
9 
be greater interaction in those classrooms in which the teacher is 
attempting to integrate the program and that this increase in inter-
action will develop an increase in the ability to do scientific reasoning. 
2. The increase in scientific reasoning ability will be 
greater in classrooms where the teacher uses the television pro-
gram as a motivating force to stimulate classroom activity than it 
will be in classrooms where the teacher spends most of the classroom 
time preparing for the program. 
This hypothesis is based on the assumption that the use of 
the television program as a motivating force will tend to stimulate 
curiosity and will cause the children to raise more and varied questions. 
This stimulation should cause considerable interaction between the 
teacher and the child thus increasing the ability to do scientific reason-
ing. It is further assumed that in those classrooms where the teacher 
prepared the children for each program that there will be a greater 
tendency for the teacher to give out information in a factual form that 
will emphasize memory rather than questioning. This emphasis on 
memory should decrease the ability to do scientific reasoning. 
3. The increase in scientific reasoning ability will be 
greater in classrooms where the teacher allows each pupil or group 
of pupils to create a project in natural science of their own choosing 
than it will be in classrooms where the teacher assigns a topic 
for the entire class. 
10 
This hypothesis is based on the assumption that there will be 
greater interaction between the child and the materials being used 
for the project if the project is one of the child 1 s own choosing. It 
is further assumed that this individual approach will cause the child 
to raise more questions and will thus increase the interaction further. 
4. The increase in scientific reasoning ability will be 
greater in classrooms conducted by teachers who have had special 
training covering the content of the programs than it will be in 
classrooms conducted by teachers who did not receive such training. 
This hypothesis is based on the assumption that the teacher 
who has special training in the natural science content of the pro-
grams will be in a better position to interact with the children in 
the classroom than will the teacher who has not received this train-
ing. This training should also give the teacher greater confidence 
in her ability to handle questions that the children might ask. Also, 
teachers who have received this training should be more highly 
motivated and will thus stimulate the class into greater activity 
with a resulting increase in interaction. 
5. The increase in scientific reasoning ability will be 
greater in classrooms conducted by teachers who have received 
special training in the use of educational television than it will be 
in classrooms conducted by teachers who did not receive such 
training. 
ll 
This hypothesis is based on the assumption that the teachers 
who have received special training in educational television will be 
more aware of the limitations of the medium and will thus tend to 
compensate for these limitations. The trained teacher should en-
courage the child to search for answers to questions while he is 
watching the television program. On the whole the television trained 
teacher should do a better job of preparation for the program and a 
better job of follow up. 
It is further hypothesized that the increase in scientific 
reasoning ability will vary directly with the teacher's interest and 
the teacher's experience, and that the increase in scientific reason-
ing ability would vary directly with the 'IQ ' of the child and the 
child's interest in science; but that there will be no significant 
diffe renee between the sexes. 
In order to test the hypothesis outlined above,an experiment 
was designed around a series of 30 one half hour television programs 
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on natural science produced by the Massachusetts Audubon Society. 
The program was telecast via WGBH-TV, Channel 2 Boston, and 
was one of the regular educational series presented by the "21-Inch 
Classroom" under the supervision of the Eastern Massachusetts 
Council for School Television. 
The population used in the experiment consisted of 90 5th 
grade classrooms (approximately 2600 children) which were randomly 
drawn from a total of 300 5th grade classrooms in 30 cooperating 
communities within a 50 mile radius of the city of Boston. Drawn 
from this population were 18 classrooms which were used as a 
control. The remaining 72 classrooms were distributed through-
out the experimental design. Within the experimental group 24 of 
the classroom teachers received special training in natural science, 
24 received special instruction in the utilization of television and 
24 teachers did not receive any training. 
The experiment was conducted between the dates of October 
1959 and May 1960. Tests were administered in the Fall and Spring. 
The study was made possible by a grant from the United 
States Office of Education of the Department of Health, Education 
and Welfare, through the New Educational Media Branch under the 
National Defense Education Act of 1958. 
CHAPTER ll 
SURVEY OF RELA.TED LITERATURE 
The Nature of Scientific Reasoning. Before undertaking 
research on scientific reasoning, it is necessary to arrive at a 
workable definition of scientific reasoning. 
Neither researchers on the subject nor the scientist, who 
are the ones who are supposed to use the process, have ever come 
to any agreement regarding the specific nature of the process, 
One group places considerable emphasis on what is referred 
to as inductive reasoning. The attitude of this group is rather well 
summarized in the following statement by McKellar (1957). 
"Science involves reasoning from the particular 
to the general on the basis of what is observed ..... . 
Certainty cannot be attained by such inductive reason-
ing. Neither psychology nor any other science can 
maintain its conclusions with certainty, but only with 
probability. When probability is low the term 
'hypothesis' is used, when probability is high we 
speak of a 'scientific laW'. '' 1 
Another group takes the stand that science is not solely an 
inductive process, but that it also depends a great deal on the 
1 Peter McKellar, Imagination and Thinking: A Psychological 
Analysis, p. 167. 
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deductive process. The primary champion of this group is Bayles 1 
(1954) who has pointed out that the late Albert Einstein felt that it 
would have been impossible for modern physics to arrive at its 
present state via the inductive method. Bayles places most of the 
blame for the popular assum.ptions regarding the inductive process 
on none other than Isaac Newton. I£ Bayles' accusation is valid, it 
is probably an unfortunate popular misinterpretation o£ what Newton 
said~ Newton's great contribution to science would probably be 
classified by Einstein as being deductive in nature. Newton's con-
tribution was primarily a logically constructed system of deductive 
thinking which explained, or at least unified, all the experimental 
data known in his time regarding gravity and the observable effects 
that gravity had on falling and moving bodies. While one could 
argue that Newton might have gotten the idea via inductive reasoning, 
the ultimate theory was constructed and verified via the deductive 
process, or more specifically via formal deductive logic. Bayles 
sum.marizes his attitude in the following statement. 
"If we wish to continue using the words induction 
and deduction, we should recognize clearly the inductive-
deductive nature of scientific method, what of it is 
inductive and what is deductive, and strive to achieve 
due recognition of the proper place and function of each. " 2 
1 Ernest E. Bayles, "Is Modern Science Inductive", The 
Science Teacher, pp. 113- 116. 
2 Ibid. , p. 145. 
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A group of researchers operating at the Institute of 
Personality Assessment and Research at the University of California 
in Berkeley are exploring the possibility of another description of 
the methods used by scientists. Barron 1 (1958) reports a study in 
which it was found, to their surprise, that the artistic preferences 
of a group of doctoral candidates, who had been selected for the 
originality of their research contributions in the field of science, 
were more similar to the preferences shown by fine artists than 
was another group of similar doctoral candidates who had not shown 
as much originality in their work. The researchers observed that 
the commonly preferred features in the artistic preferences were 
either a work of art that "accented some usually unobserved aspect 
of nature, or which attempted a radical reconstruction of the 
common- sense world of reality. " Z Barron makes a rather interest-
ing and meaningful interpretation of this finding. 
HBehind this inclination to like and to construct 
what is not too simply ordered there appears to be a 
very strong need to achieve the most difficult and 
far-reaching ordering~ When confronted, for instance, 
with the Rorschach inkblot test, original individuals 
insist to a most uncommon degree upon giving an 
interpretation of the blot which takes account of all 
details in one comprehensive, synthesizing image. 
Since some of these blots are quite messy, this dis-
position to synthesize points up the challenge of 
1 Frank Barron, 11The Psychology of lm.agination", Scientific 
American, p~ 151. 
z Ibid. , p. 155. 
disorder. It also illustrates the creative response 
to disorder, which is to find an elegant new order 
more satisfying than any that could be evoked by a 
simpler configuration. 11 1 
The point of view expressed by the California group could 
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probably be interpreted to support either an inductive approach to 
scientific reasoning or an inductive-deductive approach. The 
importance in the point of view, however, is in the fact that it 
suggests chara<::teristics which supercede both induction and 
deduction -- the desire for order4 There is a strong possibility 
that both induction and deduction are inventions of the mind created 
so as to bring about a semblance of order. This emphasis on the 
creative aspect of scientific thinking is also expressed by McKellar 
(1957}. 
"Scientific understanding proceeds less by 
discovery and more by invention than is sometimes 
recognized. Scientific principles are not 'discoveries', 
but rather ways of conceptualizing some aspects of 
our universe." 2 
McKellar separates scientific thinking from non- scientific 
thinking primarily on the basis of its orientation to reality. He 
describes two types of thinking which he gives the symbolic titles 
"A-Thinking" and 11R-Thinking 11 • The A-thinking is primarily 
autistic and greatly influenced by fantasy. The R-thinking is constantly 
1 Ibid. , p. 155. 
2 McKellar, op. cit., p. 175 
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related to reality and is referred to by McKellar as "reality-adjusted 
thinking. 11 Regarding the relationship of all of this to science, 
McKellar writes, 
"Science comprises the most logically consistent 
body of reality-adjusted thought that man has devised, 
and it proceeds by a process of continual refinement of 
its logical, reality-adjusted methods. 11 1 
McKellar's reality-adjustment concept of scientific thinking 
seems to be a broad concept which would include both inductive and 
deductive reasoning. 
On the basis of these analyses the best conclusion seems to 
be that scientific reasoning, whatever it is, probably includes both 
inductive and deductive reasoning. However, this conclusion creates 
a new problem-- What is meant by inductive and deductive reasoning? 
The words inductive and deductive are primarily philosophical terms, 
with rather specific meanings in the field of logic. As is often the 
case, the popular usage of the two words is not the same as the 
technical use in philosophy. 
Through popular usage inductive has come to mean 
reasoning from the part to the whole or from the particular to the 
general, while deductive has come to mean reasoning from the 
general to the particular. These popular definitions have done :much 
I Ibid. , p. 168. 
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to confuse the issue regarding scientific reasoning. Since the 
scientist does often start with individual facts and then works toward 
some general law that will include these facts, it has been popular 
to assume that the scientist is one who uses primarily inductive 
reasoning. This assumption becomes highly questionable when one 
asks the question, "How does the scientist check the validity of his 
general law? 11 The truth is that he uses basically two methods, both 
of which involve deductive reasoning4 In the one case he uses 
deductive reasoning to see if known facts do logically follow from 
his general law. In the second case he uses deductive reasoning to 
arrive at a logically derived fact which he must then test experiment-
ally. 
While these popular interpretations are related to the 
technical meanings given to the words inductive and deductive, the 
popular meanings are just enough of£ to cause confusion. Reference 
to usage of these words in formal logic will perhaps help to make 
clear the specific differences between the words inductive and deductive 
as used in philosophy and as used in popular language4 
"Arguments are traditionally divided into two 
different types, deductive and inductive .• 4 • • 4 ••• A 
deductive argument is valid when its premisses do 
provide conclusive evidence for its conclusion, that 
is, when premisses and conclusions are so related 
that it is absolutely impossible for premisses to be 
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true unless the conclusion is true also ...•.•.. 
An inductive argUlllent, on the other hand, does 
not claim that its premisses give conclusive evidence 
for the truth of its conclusion, but only that they provide 
some evidence for it. Inductive argUlllents are neither 
valid nor invalid in the sense in which those terms are 
applied to deductive arg\llllents. Inductive argUlllents may, 
of course, be evaluated as better or worse, according to 
the degree of likelihood or probability which their 
premisses confer upon their conclusions. 11 1 
A more thorough analysis of the nature of deductive and 
inductive logic reveals tha.t deductive logic is primarily a matter 
of using language as a reasoning tool. Inductive logic, on the other 
hand, is primarily a matter of using sensory information. Inductive 
logic is pragmatic, reality oriented, based on probability. Deductive 
logic is absolute while inductive logic is relative. Deductive logic 
is a closed system. while inductive logic is an open system which is 
constantly readjusting to new infor:mation. 
When looked at in this light, it is easy to see just how the 
popular conception places science primarily in the area of inductive 
reasoning. It is also easy to see why some individuals will argue 
that science is also deductive. Scientists do use language to com-
m.unicate and when they use language, they will often resort to the 
use of the deductive technique. Again, using inductive reasoning, it 
1 Irving M. Copi, Introduction to Logic, p. 9. 
seems best to conclude that science involves both inductive and 
deductive reasoning. 
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Description of the Process of Scientific Reasoning. While 
all of the points thus far discussed help to gain an over-all insight 
into some of the conflicting and am.orphic ideas regarding scientific 
reasoning, they do not arrive at any precise description of how a 
scientist reasons. One method of developing such a description of 
scientific reasoning would be to ask the scientist themselves to 
describe what they do. While on the surface this introspective 
technique seems to be a very logical approach, it is highly question-
able, since there is very clear evidence to support the conclusion 
that much thinking takes place on a subconscious leveL Leeper 1 
(1951} in his discussion of the cognitive process points out that it is 
quite possible for complex guiding processes to be "formed, 
retained and used without the person's being aware of the process 
at any step. 11 2 Leeper's description of the inductive process of 
forming concepts also indicates one of the major problems in 
attempting to reduce scientific reasoning to a simple formula. 
1 Robert Leeper, 11 0ognitive Process", p. 73L 
2 Ibid. , p. 732 
"By inductive concept formation we also mean 
the process by which concepts are formed. Inductively 
formed concepts originate in experiences and obser-
vations that provide the organism with a wealth of 
perceptual materials. Inductive concept formation 
is the process of recognizing, from this material, 
that certain features of the material are related to 
certain other features. This process of inductive 
concept formation may end in a verbal formulation of 
the concept, but not necessarily. Furthermore, even 
when some verbal formulation is achieved, it is not 
always true that the concept is acquired by verbal 
means. 11 1 
2l 
Not only can the processes by on a subconscious level, but 
they can also be in an entirely non-verbal form. It is little wonder 
that there has been so much cG>nfusion regarding the specific nature 
of the scientific reasoning process. Unfortunately, researchers have 
not yet discovered a technique for dealing with processes which are 
subconscious and non-verbal. It is somewhat like the mysteries 
that the biological scientist faced before the invention of the micro-
scope. Consequently, there have been numerous attempts to translate 
the details of the procesa into a conscious and verbalized form. 
John Dewey Z. (1933), who places a great deal of emphaais on 
the conscious activities of the mind, describes in interesting and 
personal terms three different ways in which he employs reflective 
thinking in attempting to solve a problem. 
1 Ibid. , p. 740 
2 John Dewey, How We Think, pp. 91 - 93. 
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1 Curtis (1934) developed a list of procedures which he "validated" by 
. 2 
submitting to twelve teachers of pure science. Keeslar (1945) made 
a survey of the various research activities dealing with the procedures 
of the scientific method. It was his feeling that research in the area. 
was being held back by reluctance to define the scientific process in 
detail and expressed the opinion that much of the difficulty lay in the 
confusing of scientific method with scientific attitude. He proceeded 
to develop a lengthy list of forty-two items which he considered a 
part of the scientific method. This list was later boiled down to ten 
major itemi!J and seventeen minor ones. The original list was evaluated 
by twenty-two research scientists who were members of the University 
of Michigan staff. The final condensed listing was checked by three 
teachers specializing in science. 
1 Francis D. Curtis, "Teaching Scientific Methods", 
School Science and Mathematics, pp. 816 - 819. 
2 Oreon Keeslar, 11A Survey of Research Studies Dealing 
with the Elements of Scientific Method as Objectives of Instruction 
in Science", Science Education, pp. 212 - 216. 
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Burack 1 {1950), who finally came to the conclusion that 
there were many variations in reasoning methods between and within 
individuals, outlined what he considered the nine most important 
elements. 
Burmester 2 (1952) made a very thorough analysis of the 
problem. On the basis of extensive reading and personal interviews 
with college level biology teachers she developed an elaborate system 
around eight main topics. Since these topics encompass the elements 
common to most of the listings, and since she has expressed these 
topics in a very concise and useable form, they are worth reproducing 
here. 
I) Ability to recognize problem. 
2) Ability to delimit problem. 
3} Ability to recognize and accumulate facts related 
to the solution of a problem. 
4) Ability to recognize an hypothesis. 
5) Ability to plan experiments to test hypothesis. 
6) Ability to carry out an experiment. 
7} Ability to interpret data. 
8} Ability to apply generalization to new situations.3 
1 B. Burack, "The Nature and Efficiency of Methods of 
Attack on Reasoning Problems", Psychological Monogram. 
2 Mary Alice Burmester, "Behavior Involved in the 
Critical Aspects of Scientific Thinking", Science Education, pp. 259-263. 
3 Ibid. 
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Vinacke 1 (1952) made detailed analyses of various thought 
processes and listed what he considers the basis of the scientific 
method of inductive procedures. 
Burack 2 (1953) made a revision of his original listing. 
He also made the comment that various intellectual capacities, such 
as perceptual discrimination, accuracy of observation, memory, 
imagination, concentration, etc., might be more important than the 
methods used to solve problems. 
Dunning 3 (1954) collected a list of thirty abilities which 
I 
had been ascribed to critical thinking by various authors. It was his 
feeling that there was considerable overlapping within the list. He 
reduced the abilities to three which he thought were independent of 
one another. 
1) Ability to apply principles. 
2) Ability to interpret data. 
3) Abilities associated with the nature of proof. 
Bayles 4 (1954) considered four basic steps as being the 
crucial aspects of the scientific-reflective process. 
1 W. E. Vinacke, The Psychology of Thinking, p. 90 
2 B. Burack, "Methodological Aspects of Problem Solving", 
Progressive Education, p. 135. 
3 Gordon M. Dunning, "Evaluation of Critical Thinking", 
Science Education, pp. 191 .. 
4 Bayles, op. cit. , p. 115. 
First Step: A Problem. 
SecondStep: Hypothesis as to Cause of Problem. 
Third Step: Logical implications of Hypothesis 
Leading to Experimentation. 
Fourth.Step: The Conclusion. 
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While each of the various listings has merits, whi-ch are 
peculiar to the situation in which they were used, there is a common 
core which runs through practically all o£ them. Each one starts 
with a problem and ends with some kind of conclusion or decision. 
Each one makes some reference to gathering and evaluating facts 
pertinent to the problem. Each refers to the creation and the testing 
of tentative conclusions or explanations. On the basis of these studies, 
provided that the degree of inner contamination is not too high, it 
seems safe to conclude that the scientific reasoning process involves 
the following stages% 
1) Realization of a problem. 
Z) Gathering of information related to the problem. 
3) Creation of tentative solutions to the problem 
(hypotheses). 
4) Testing of the tentative solutions in an experimental 
situation. 
5) Rejection or acceptance of the tentative solutions. 
Development of Science Reasoning Tests. Even after the 
problem of defining and describing the process of science reasoning 
has been resolved, there still remains the problem of developing a 
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test to measure differences in this ability. It is generally agreed that 
tests which attempt to measure such things as problem solving are 
am.ong the most difficult to construct. On the surface it appears 
relatively simple. It would seem that all one would have to do is 
construct a test with problems and then score it according to whether 
or not the answer is correct. However, there are a num.ber of hidden 
traps which are easy to fall into. 
John (1957} has proposed a set of criteria which help to 
reveal some of the hidden traps. 
11 1) Content of problem should require minimum. 
technical or previously achieved knowledge. 
2.) Complexity of problems should be quantifiable 
and variable. 
3) Effects of learning should be minimal from 
problem to problem. 
4) A num.ber of problems of comparable complexity 
should be available so that a series of comparable 
measures may be obtained. 
5) Method should permit externalization and 
quantitative measurement of the problem-
solving process along continua of dimensionality." 1 
Other difficulties in measuring problem solving ability are 
1 E. R. John and J. G. Miller, "The Acquisition and 
Application of Information in the Problem Solving Process'', 
Behavioral Science, p. 2.91. 
related to the need to separate the ability from ability in reading and 
general intelligence. It is quite possible to construct a test that 
measures reading ability or general intelligence when the objective 
is to construct a test of reasoni:ng ability. Obviously, reasoning is 
involved in reading and in intelligence, and obviously reading ability 
and intelligence are required in the reasoning process. However, 
if the constructed test is measuring reading or intelligence, then one 
might as well use a reading or intelligence test in the first place. 
Major problems arise when it is desired to develop a 
machine scoreable test. Multiple choice items in a problem test very 
often give away the key to solving the problem. What may be a very 
good problem when the an~wer required is left open, may be no 
problem at all when the answer is in a multiple choice form. 
A survey of some of the tests that have been constructed 
will give some indication as to how these testing difficulties have 
been met. Engelhart and Lewis! (1941) developed a test which 
measured ability to judge the relative values of a series of hypotheses 
1 Max D. Engelhart and Hugh B. Lewis, "An Attempt to 
Measure Scientific Thinking", Educational and Psychological 
Measurement, pp. Z89-294. 
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and conclusions. The test involved the reading of a paragraph of 
material which gave the necessary background information on a 
radiometer, its nature, and a description of its action when exposed 
to light. Following the paragraph ~£ information there was a problem.: 
How does the sunlight cause the paddle wheel to rotate? This was 
then followed by a series of hypotheses each with a set of facts or 
data. Each item of data was then evaluated by the student according 
to the following scale. 
(A) If it directly helps to prove hypothesis true. 
(B) If it indirectly helps to prove hypothesis true. 
(C) If it directly helps to prove hypothesis false. 
(D) If it indirectly helps to prove hypothesis false. 
(E) If it neither directly or indirectly helps. 
After rating of data each hypothesis is marked as being 
either true or false. Following the hypotheses there are five 
conclusions which are marked according to the following scale: 
(A) If conclusion is the best answer o:( the five, 
(B) If neither best or poorest (three are marked thus), and 
{C) If conclusion is the poorest of the five. 
This particular test is of interest because it gives such a large range 
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of possible points for work done on a single problem. 1 
Rath 2 (1944) constructed a thinking test which was 
designed to analy.ze causes of confusion in thinking. It operated 
from a list of nine common errors found in thinkingt 
1) the use of personal judgment external to data, 
2) the evading of the issue, 
3) the leaning on authority, 
4) the use of superstition, 
5) generalizing from insufficient evidence, 
6) rationali:liing or misinterpreting data, 
7) calling an either-or statement true, 
8) calling an if-then statement true, and 
9) leaning on school loyalty. 
The test itself was made up of simple problems followed 
by a series of statements which were to be marked true, false, or 
can't tell. Each statement then gave three kinds of information 
about the individual marking the statement: 1) Ignorance - the marking 
1 Ibid. 
2 Louis Rath, 11A Thinking Test", Educational Research 
Bulletin, pp. 72-75. 
of false a statement that is true {or visa versa), 2) Overcaution - the 
marking of a statement with can't tell when the information was 
sufficient to arrive at a conclusion, and 3) Going Beyond Facts - the 
marking of an item either true or false when the data was not sufficient. 
This particular test is being used by the State Department of Education 
in Ohio and is called the Ohio Thinking Check- Up. 
Dunning 1 (1949) constructed a reasoning test for first year 
college physics. It was a two part test one half of which dealt with 
the interpretation of data (inductive) and the other half dealt with 
application of principles (deductive), In the Interpretation problem 
there was a graph with recorded data. Each of the items within the 
test was a generalization which might be made from the data. The 
student was required to evaluate this generalization according to a 
five point scale: true, probably true, insufficient evidence, probably 
false, and false. In the application section of the test there was a 
problem stated along with a complete list of principles required for 
the solution of the problem. Each item on the test was a part of the 
analysis of the problem, The student was required to rate each item 
as being either an acceptable statement, an unacceptable statement, 
or uncertain. Also with each problem there was a set of four 
1 Gordon M. Dunning, "The Construction and Validation of 
a Test to Measure Certain Aspects of Scientific Thinking in the Area of 
First Year College Physics", Science Education, pp. 221-235. 
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possible conclusions, one of which was that neither of the other three 
was correct. Dunning's test proved to have a reliability of . 96 and a 
validation correlation of . 71 with the teacher's estimate of the student 
and • 80 with an evaluation of a student essay. The test had an internal 
correlation of . 48 which justified the existence of two parts. A 
correlation of . 38 with a comprehensive reading test, . 19 with SRA 
Primary Mental Ability Test, and . 62. with a factual information test 
seems to indicate that the test was able to meet some of the criteria 
mentioned earlier. 1 
Edwards 2. (1950) constructed a test around the use of a 
controversial subject. Information about the subject matter was 
presented in a paragraph form. Following the information were six 
questions about the information and four answers to each question. 
One of the answers was a sound, and carefully worded, scientific 
statement based on the information in the paragraph, one was a fairly 
good statement marred by some irrelevant or incorrect detail, one 
was a totally irrelevant answer and one was a totally incorrect answer. 
Items on the test consisted of choosing which of two answers was the 
best. Items, six for each question, contained all possible comparisons 
of answers. Edwards reports a low correlation with intelligence, . 15 
l Ibid. 
2 Bentley T. Edwards, "Measurement of Some Aspects of 
Critical Thinking", Journal of Experimental Education. 
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in one testing and . 06 in another. This low correlation is highly 
questionable, however, since the test itself indicated reliability 
coefficients as low as . 53. This low reliability is probably due to 
the number of items, 36 total, and the extreme weakness of comparing 
some of the answers, for example an irrelevant answer with an incor-
rect answer. Considering that each item has only two possible choices, 
it is little wonder that Edwards found the test to have a low reliability. 
The form of the test may have possibilities, but it would require a 
much larger number of items. 
Edwards also developed another type of item which seems 
to have certain potential. A sample group of items is printed below. 
21. Coal was made from green plants. 
22. Plants use carbon dioxide and sunlight to make 
starch and animals eat starch and breath out 
carbon dioxide. 
23. Luther Burbank was able to produce a white 
blackberry. 
24. Root hairs grow near the tip of a root. Their 
purpose is to gather moisture and soil minerals 
for the plant. 
25. A balanced aquarium takes care of itself. There 
is no need to feed the fish or change the water. 
Match the above items with the following principles. 
(A) It is possible to develop new types of plants by 
cross breeding. 
(B) 
(G) 
(D) 
The sun is the original source of nearly all 
energy used on the earth. 
The cell is the unit of structure and function 
in all plants and animals. 
Plants and Animals in a given environm.ent are 
mutually interdependent. 1 
33 
Edwards points out that he found students were unable to 
use unfamiliar facts. He gives two reasons why he felt this was not 
good for the test, 1) highly intelligent students are more able to deal 
with unfamiliar facts and 2) pupil who knows more about a particular 
aspect of science will be able to do better than one who is not familiar 
with the material. 2 
Brandwein 3 (1952}-describes the work which he did in 
helping to develop the College Board's Science Test. This test was 
de1dgned to measure abilities in the following order: First, science 
thinking, second, understanding of scientific method, third, understand-
ing principles of science, and, fourth, recall. The test items consist 
of a paragraph of about 20 to 100 words. This is followed by a series 
of questions which are based on the paragraph all of which require 
reasoning for their solution. Brandwein observed that those who had 
not taken a formal course in physics avoided the questions in that 
l Ibid. , p. 275. 
2Ibid.' p. 265. 
3Paul F. Brandwein, "The College Board's Science Tests", 
Science Teacher, pp. 107-113. 
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area in spite of the fact that the questions were based on reasoning 
rather than knowledge acquired prior to the test. This points up some 
of the problems which are faced by a reasoning test. 
Burmester3 (1953) developed several tests dealing with 
specific aspects of the scientific method. One of the tests dealt with 
experimental procedures and had a reliability of • 59. The test was 
designed to measure the ability to recognize faulty experimental 
procedures and to recognize which of a nUlllber of experimental 
techniques would be the best. Each item presented a problem and a 
possible solution to the problem or an hypothesis. Items contained 
several experiments set up to test this hypothesis. The subject was 
required to evaluate the experiments according to the following key. 
1. This experiment is satisfactory. 
2. This experiment is unsatisfactory because it 
lacks a control or comparison. 
3. This experiment is unsatisfactory because the 
control or comparison is faulty. 
4. This experiment is unsatisfactory because it 
is unrelated to the hypothesis. 
5. The experiment or situation is unsatisfactory 
for reasons other than those listed in 2, 3, 
and 4. 
1 Mary Alice Burmester, "The Construction and Validation 
of a Test to Measure Some of the Inductive Aspects of Scientific Thinking 11 , 
Science Education, pp. 131-140. 
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Another test developed by Burmester dealt with the evaluation 
of hypotheses. She reports a . 71 reliability for this instrument. The 
test was built around a general problem which was stated in a question 
form. Hypotheses were then constructed to go with these problems. 
The items were made up of statements of fact. The subject was required 
to make an evaluation of these facts on the basis of the following key. 
1) Direct evidence in support of the hypothesis. 
2) Indirect evidence in support of the hypothesis. 
3) Evidence which has no bearing on the hypothesis. 
4) Indirect evidence against the hypothesis. 
5} Direct evidence against the hypothesis. 
After rating each of the bits of evidence the subject was 
then required to evaluate the hypothesis itself according to the following 
scale, 
1) True. 
2) Probably true. 
3) False. 
4) Probably false. 
5) Contradictory. 
Another test developed by Burmester was concerned with 
the drawing of conclusions. This test reached a reliability of . 90. 
Items consisted of a problem, an experiment designed around the 
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problem and a conclusion. The subject was required to evaluate the 
conclusion according to the following key. 
1}- Tentatively justified. 
2) Unjustified because it does not answer the 
problem. 
3) Unjustified because the experiment lacks a 
control. 
4) Unjustified because the data are faulty or 
inadequate, though a control was included. 
5) Unjustified because it is contradicted by the 
data. 
So far the tests that have been referred to have been pencil 
and paper tests which require a specific answer which can be machine 
scored. For the most part they are verbal tests with only slight use 
of pictures with most visual material being in the form of a graph. 
One of the major drawbacks of these tests is the fact that it is impos-
sible to observe what is going on during the thinking process. In short, 
the tests measure the end result rather than the ~ ans by which it was 
reached. When a subject gets a certain number of items correct, it 
is assumed that he is getting the correct results because he is using 
the correct method. John and Miller1 (1957) developed a problem 
1 E.R.John and J.G.Miller, op. cit., pp. 292-295. 
solving machine which he felt was able to give a clearer picture of 
what the person was actually doing when he went about solving the 
problem. 
The machine was made up of a set of lights which were 
located in a large circle. By each light was a button. In the center 
of the ring was a master light. The problem in each case was to 
discover which button should be pushed in what sequence in order to 
turn on the master light. The specific problems could be quickly 
changed by the use of IBM plugs. The subject was given certain clues 
as to the proper sequence and was instructed to create as many 
experiments as he felt necessary in order to discover the relationship 
existing between the switches. Such a device made it possible to 
observe every step of a subject's activity thus making it possible to 
gain insights into how the subject approached the problem. 1 
The only unfortunate thing about the John-Miller machine 
is the fact that it can only be used with one subject at a time and 
requires individual observation of the subject in order to obtain 
maximum. information about the process used. 
1 Ibid. 
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Another researcher, Nelson 1 (1957), has also developed 
a type of test which requires less verbalization and greater opportunity 
for observing and questioning the subject. Nelson's test allows for 
more interaction between the subject and the materials involved in the 
testing situation. Nelson developed the test as a part of a study in 
which she was determining whether or not certain concepts of light and 
sound could be comprehended by elementary school children. The test 
consisted of a number of objects which were related to light and sound. 
Objects within the light and sound groups could be paired on the basis 
of some basic principle of light or sound. The children were requested 
to pair the objects and then explain to the examiner the reason for making 
the association. These responses were taped and then analyzed in order 
to determine how well the principles were understood. 
While both the John and Miller machine and the Nelson 
classification test make it possible to do depth study in scientific 
reasoning, both instruments have the limitation of being individually 
administered. While the Nelson test could be reproduced in a pencil 
and paper form, it would lose both the subject-object interaction and 
the advantage of the personal interview. 
1 Pearl A. Nelson, "The Acquisition of Concepts of Light 
and Sound in the Intermediate Grades", Unpublished Doctoral 
Dissertation, p. 97. 
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At present there is only one nationally standardized series 
of science tests that are claimed by its publishers to be a measurement 
of scientific reasoning abilities. This is a series of tests published 
by the Cooperative Test Division of Educational Testing Service and is 
known popularly as the STEP tests (Sequential Tests of Educational 
Progress.) This particular study is interested in only one of these 
tests -- Science Form 4A.. This test which was designed for use in 
the upper elementary grades is claimed to have the ability to measure 
scientific reasoning. The publisher has the following to say about the 
test. 1 
"There is, of course, no universally accepted 
list of scientific reasoning abilities. The Committee 
planning the SCIENCE tests prepared the following 
list which they believe covered the most important 
types of scientific reasoning and which they believed 
should be assessed by the STEP SCIENCE tests~ 
1. Ability to identify and define scientific 
problems. (10%) 
2. Ability to suggest or screen hypotheses. (25o/e) 
3. Ability to select valid procedures. (17o/o) 
4. Ability to interpret data and draw 
conclusions. (23Cfo) 
5. Ability to evaluate critically claims or 
statements made by others. (12"-o) 
6. Ability to reason ctuantitatively and 
symbolically. (13%) 
1 Manual for Interpreting Scores, Sequential Tests of 
Educational Progress, p. 7. 
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Reviewers of the test have not been as enthusiastic as the 
publishers about its ability to measure what it claim.s to be measuring. 
Stanley and Mann evaluated the test by using the Taxonomy of 
Educational Objectives, Handbook I: Cognitive Domain which was 
edited by B. S. Bloom. and published by Longmans, Green and Company 
in 1956. Using the system outlined in this book, Stanley and Mann 
classified the items in the STEP test and found that 75'fe of the items 
fell within group (1:00) which is the knowledge group. These reviewers 
felt that it was a higher level test than most, but contained a "dis-
crepancy between 'noble' objectives and 'less noble' items. 11 All 
reviewers agreed that the test was good from a statistical point of 
view (r . 91}. Regarding the overall test, one of the reviewers pointed 
out that it was far ahead of other tests of a similar type. 1 
Because of the existence of national norms, the high 
reliability of the test, its claim to measuring of reasoning ability and 
the fact that 40'ro of the test dealt with biological science, it was decided 
to use this test as one of the measuring instruments for the research 
being undertaken in this study. 
1 "Review of Step Test", The 5th Mental Measurements 
Yearbook, pp. 802-805. 
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Research on Scientific Reasoning Ability. Although there 
has been very little research with scientific reasoning in the elementary 
grades, there is considerable evidence that such reasoning ability does 
exist and can be developed.. !nhelder and Piaget 1 (1958) using observa-
tions of individual children have designated what they believe to be 
four fairly clearly defined stages in the development of a child's ability 
to use reasoning in the solution of problems. Before the age of 7-8 
the child is concerned with the success or failure of solving the problem 
and not much concerned with reasoning. Between the ages from 7-8 to 
11-12 the child becomes more interested in the concrete operations of 
solution and is quite capable of pointing out the important features in a 
particular solution; however, they show little ability to abstract the 
situation. Between the ages from 11-12 to 14-15 abstraction and 
formalization begin to develop. Formalization does not reach its peak 
until after the age 14-15. Unfortunately, !nhelder and Piaget operate 
entirely on an observational level and seem to asswne that the develop-
ment of reasoning is a maturation process. They make no attempt to 
teach or develop reasoning ability. They also make no attempt to find 
out why a particular child may have developed faster than another, 
1 Barbel !nhelder and Jean Piaget, The Growth of Logical 
Thinking. 
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i.e. there is no data regarding the background, educational or socio-
economic, of a particular child or group of children being studied. 
Several individuals have observed reasoning ability in 
children at fairly early ages. HUll (1947) noted that children in the 
elementary grades speculate before they make a decision. Webb2 (1947) 
observed that even the 2 1/2 year old has ability to generalize from 
past experience. She also noted that young children will tend to reason 
even though their data may be quite meager. John and Miller3 (1957) 
noticed that some children between the ages of 6 and 12 did as well in 
solving mechanical reasoning problems as did some doctoral candidates 
who attempted to solve the same problem. West4 (1949) and Dunning 5 
(1951)-have criticized the present methods of teaching science on the 
1 Katherine E. Hill, "Children's Contributions in Science 
Discussions", Contributions to Education. 
2 Ruth Webb, "Ali Children Think and Plan", Child 
Education. pp. 315-321. 
3 E_R.John and J.G.Miller, op. cit., p. 299. 
4 Joe West, "Do We Expect Too Much or Too Little of 
Children from Their Experiences in Science", Science Education. 
pp. 296-298. 
5 Gordon M. Dunning, "Using the Laboratory to Develop 
Critical Thinking", Science Teacher, p. 85. 
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elementary level. Both feel that there is not enough emphasis placed 
on the reasoning process. In a more formal experiment on generalization 
Croxton 1 (1936) found that there was an increase year by year in child-
ren' s ability to make generalizations. He noted that 62% of the fifth 
grade children under study indicated ability to generalize. Nelson 2 
{1957) found that elementary children were quite capable of understanding 
certain scientific concepts of light and sound. 
There have been a few experiments undertaken to determine 
the effect of scientific training on information learning and problem 
solving. 0 1Conne113 (1958} found that high school students who learned 
chemistry by an inductive method did better than those who learned by 
the more usual deductive method. Inductive method in her study 
referred to a method of teaching which started with laboratory facts 
and reasoned toward general laws rather than the usual method of 
teaching from the general law first and then demonstrating it in the 
1 W. C. Croxton, "Pupils Ability to Generalize", School 
Science and Mathematics, p. 634. 
2 Pearl A. Nelson, "The Acquisition of Concepts of Light 
and Sound in the Intermediate Grades", Unpublished Doctoral Thesis. 
3 Sister Ernestine 0 1 Connell, "The Comparison of 
Inductive and Deductive Methods of Teaching High School Chemistry", 
Unpublished Doctoral Thesis. 
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laboratory. Marks 1 (1951) found that formal training made no difference 
in the ability to solve problems. Mason 2 (1952) found that those who 
received direct training did better in scientific thinking than those who 
did not receive such training. The major difference between these two 
studies was that the training in Mark1 s study was by lecture while the 
training in Mason's study was carried out in the laboratory. Mason's 
subject received practice in scientific method while those in Mark's 
study did not. In part these differences explain or help to explain the 
difference in the two experimental results. Craig 3 (1956) found that the 
poorest method of teaching problem solving was to give the subjects the 
solution. He found that the next best method of teaching was to point 
out the errors made in attempting a solution and that the best method 
was one in which the student was given certain specific directions along 
with pointing out the error. 
There are definite indications that set is an important 
factor in problem solving involving reasoning. While Battig 4 (1957) 
1 M.R.Marks, "Problem Solving as a Function of the 
Situation", Journal of Experimental Psychology, pp. 74-80. 
2 John M. Mason, "An Experimental Study in the Teaching 
of Scientific Thinking in Biological Science at the College Level", 
Science Education, pp. 270.-284. 
3 R. C. Craig, "Directed Versus Independent Discovery of 
Established Relations", Journal of Educational Psychology, pp. 223-234. 
4 W. F. Battig, 11Some Factors Affecting Performance on a Word 
Formation Problem11 , Journal of Experimental Psychology, pp. 96-104. 
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found that the individual who used the most consistent approach usually 
achieved the best results, Goodnow and Pettigrew 1 (1949) found that 
patterns learned in earlier solutions effect the methods used in later 
learning situations. If the later situation does not lend itself to the 
earlier approach, there will be a decrease in the efficiency. Youtz 2 
(1948) obtained similar results when he found that a successful hypo-
thesis in one problem would block the use of a new hypothesis in a new 
problem. Maltzman and Brooks3 (1956) found no relationship between 
anxiety and problem solving or neuroticism and problem solving; 
however, Gordon and Durea4 (1948) found that when subjects were told 
during a preliminary practice period that they were do9ing poorly that 
they did not do as well in the testing situation as those who had not 
received such criticism. 
1 .J. J. Goodnow and T. F. Pettigrew, "Effect of Prior Patterns 
of Experience upon Strategies and Learning Sets", Journal of 
Experimental Psychology, pp. 381-389. 
2. R. P. Youtz, "The Relation Between Number of Confirm-
ations of One Hypothesis and the Speed of Accepting a New and 
Incomplete Hypothesis", American Psychologist, pp. 248-249. 
3 I. Maltzman, "Some Relationships Between Methods of 
Instruction, Personality Variables and Problem. Solving Behavior", 
Journal of Educational Psychology, pp. 71-7 8. 
4 L. V. Gordon and M.A. Durea, "The Effect of Discourage-
ment on the Revised Stanford-Binet Scale", Journal of Genetic 
Psychology, pp. 210-217. 
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Other factors that might be involved in reasoning were 
indicated by a number of experimenters. Hunter! (1957) noted that 
younger children seemed to be more affected by the testing situations, 
benefited less from practice and found the abstract more difficult than 
the concrete. Burack2 (1950) concluded that there is no~ way to 
approach problem solving, that the approach varies with the individual 
and within the individual from problem to problem. Saugustad 3 
(1952) in a study of high school students found a negative correlation 
between incidental memory and problem solving ability. He found 
further that there was a significant difference between boys and girls 
with the difference favoring the boys. Billings4 {1934), who came to 
the conclusion that problem solving was a general factor after he 
discovered a high correlation in problem solving ability in different 
fields of specialization, also found men to be superior to women. 
1 I. M. L. Hunter, "The Solving of Three-Term Series 
Problems 11 , British Journal of Psychology, pp. 286-298. 
2 B. Burack, "The Nature and Efficiency of Methods of 
Attack on Reasoning Problems", Psychological Monographs. 
3 P. Saugstad, "Incidental Wemory and Problem Solving", 
Psychological Review, pp. 221-226. 
4 M. L. Billings, "Problem Solving in Different Fields of 
Endeavor", American Journal of Psychology, pp. 259-272. 
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McNemar! {1955) in a study using college undergraduates found a 
similar difference between men and women in reasoning ability. 
While there have been very few studies made of the effects 
of audio-visual materials on reasoning ability, Farrell 2 (1952) and 
Woodburn 3(1953) have made strong pleas for the multisensory approach 
as the basis of learning. They argue that more emphasis should be 
placed on primary sensory information in order to preserve a better 
balance between reasoning from observation and reasoning from verbal 
symbols. 
Although there seems to be a certain negative attitude 
toward the use of visual materials for developlng reasoning, the little 
research evidence that is available does not support the prevailing 
1 0. W. McNemar, "An Attempt to Differentiate Between 
Individuals with High and Low Reasoning Ability", American Journal 
of Psychology, pp. 20-36. 
2 J. V. Farrell and J. R. Walles, "Multisensory Approach to 
Science in the Elementary School", Elementary School .Journal, 
pp. z 7 1-2 7 6. 
3 John H. Woodburn, "Visual Aids and The Problem-solving 
Type of Teaching Exercise", The Science Teacher, pp. 167-169. 
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attitude. Rulon 1 (1933) found that subjects taught by motion pictures 
did better on both rote and eductive (reasoning) items than students 
who were taught by text book. Hoban2 (1946) reported a study in which 
Vernon found that both films and film strips aided in the learning of 
principles used in solving "comprehensive items." 
Suxnmary of Research Literature. In general the literature 
indicates that there has been some confusion regarding the specific 
nature of scientific reasoning. Some o£ the confusion has been centered 
around the terms inductive and deductive; however, most of the real 
difficulty can be traced to an inability to pin down the creative aspects 
of reasoning, particularly those aspects which occur at the sub -
conscious level. In spite of this confusion there has been considerable 
agreement regarding a core set of procedures which seem to be a 
major part of the scientific method of problem solving. 
While there has been considerable activity in the con-
struction and validation of tests designed to measure scientific 
reasoning, there is not at present a test available that could be 
1 Philip J. Rulon, "The Sound Motion Picture in Science 
Teaching", Harvard Studies in Education. 
2 Charles H .. Hoban and Edward B. Vanormer, "Influence 
of Films on Conceptual Learning", Instructional Film Research 
1918-1950, p. 3-8. 
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considered fully acceptable in respect to validity. This is particularly 
true with paper and pencil tests, with the greatest problem occurring 
with machine scoreable tests. 
Research indicates that the ability to do scientific reason-
ing occurs at a very early age; that it develops with age; that it is in-
fluenced by enviromnental factors and that it can be improved through 
training. There are indications that men are better at reasoning than 
women; however, these results need to be questioned further. Since 
the research has been with high school and college subjects, and since 
girls decrease in their interest in scientific subjects because of 
cultural patterns, the cause of the observed difference cannot be 
accurately isolated on the basis of the existing research. 
What little research there is seems to indicate that audio-
visual materials can aid in the developing of scientific reasoning 
ability. No literature was found regarding the possible effects that 
television-taught science might have on science reasoning. 
CHAPTER III 
EXPERIMENTAL DESIGN 
Population 
The population consisted of 90 fifth grade classes (approx:i-
mately 2600 children) randomly drawn from 300 fifth grade classes 
in 30 cooperating communities of urban, suburban and semi- rural 
composition within a fifty mile radius of the city of Boston. 
During the summer of 1959 all communities that were active 
members of 21" Classroom, thus using television in their schools, 
were invited to participate in the study. The superintendents were 
given a description of the research and asked if they would like to 
participate. If they chose to participate, they were further re -
quested to submit the following information: 1) population of 
community, 2) nmnber of children in the fifth grade, 3) number of 
fifth grades, identified by buildings, and 4) the number of fifth 
grades he would be willing to make available for participation. 
Communities were grouped according to cities and towns. 
Each group was checked to determine the per capita expenditure 
for educatioJ. On the basis of this check it was decided that the 
1 Department of Education, Commonwealth of Massachusetts Annual 
Report for Year Ending June 30, 1958, Part II. 
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within group variations were relatively small and therefore only the 
relative proportion of cities and towns need be considered in sampling 
techniques. 
Using a table of random numbers, fifth grades by buildings in 
the cities and towns were selected, to make a total of 72 experimental 
classrooms (48 from towns, 24 from cities). An additional 18 classes 
were randomly selected for controls using the same sampling pro-
cedure. 
The teachers in the selected classrooms were contacted and 
the experiment explained to them. About 85% of the teachers agreed 
to participate in the experiment. Additional classrooms' were randomly 
selected and notified until the research design requirements were 
filled. 
Teachers were assigned to one of the two workshops on the 
basis of their preference. Assignment to experimental catagories, 
other than workshop, were made using a table of random numbers. 
The experimental design involved the use of four main ex-
perimental variables; 1) Teacher training, 2) Utilization of a 
specially prepared guide, 3) Ordinate position of television program 
in relationship to classroom activity and 4) Type of pupil activity. 
I. Teacher Training. The total population of classrooms 
within the experimental design was divided into three groups with 
24 classrooms in each group. One of these groups participated in 
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a natural science workshop conducted by the Massachusetts Audubon 
Society. In the study this group is referred to as either the Science 
Group or science trained teachers. One of the groups participated 
in a television utilization workshop which was conducted by the 
Boston University School of Public Relations and Communications. 
In the study this group is referred to as either the Television Group 
or television trained teachers. The remaining group of teachers did 
not receive training of any kind. This group is referred to as either 
the No Special Training Group or the NST teachers. 
2. Utilization of Study Guide. Half of the teachers in the 
experimental group (36) utilized a study guide which had been pre-
pared by the Massachusetts Audubon Society for the 11 21-Inch Class-
room. 11 The other half of the teachers received a brief resume of 
each of the programs. This latter group was specifically instructed 
not to use, or refer to, the study guide that was prepared for the 
1121-Inch Classroom. 11 
3. Position of Television Program. Half of the teachers in 
the experimental group were instructed to spend most of their class-
room time in program follow up. Weekly programs preceded class 
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activities, assignments, projects, etc.; thus the program became a 
motivational device for encouraging class activity. This group is 
referred to as the Initiating Group or the teachers who used television 
as an initiating activity. The remaining half of the experimental group 
was instructed to spend most of their classroom time in preparation 
for the program. Classroom activities, assignments, projects, etc., 
preceded the weekly programs; thus the television program was used 
as a summarizing device. This group is referred to as the Terminating 
Group or the teachers who used television as a terminating activity. 
4. Type of Pupil Activity. One half of the teachers in the 
experimental group gave the students a common class assignment for 
classroom activities. This group is referred to as the Class Group 
or those teachers who gave their pupils common class assignments. 
The other half of the teachers gave the students the opportunity to 
follow up personal interests in individual projects. This group is 
referred to as the Individual Group or those teachers who encouraged 
their pupils to undertake individual projects. 
The overall design of the experiment; indicating all possible 
interactions, is shown in Table 1. 
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TABLE I. EXPERIMENTAL DESIGN 
Initiating (36) Terminating (36) 
Individual Class Individual Class 
Science ( 12) 3 3 3 3 
Guide Television (12) 3 3 3 3 
(36) 
NST (12) 3 3 3 3 
No Science ( 12) 3 3 3 3 
Guide 
(36) Television (12) 3 3 3 3 
NST(I2) 3 3 3 3 
The eighteen control classes watched the entire series of 
television programs; however, the teachers were instructed to limit 
the amount of preparation and follow up. The control teachers were 
instructed to make a very brief introduction to each of the programs. 
The program was followed by a discussion period which was limited 
to questions and ideas which were spontaneously raised by the pupils 
after watching the program. The control teachers were instructed 
to refrain from directing or encoliraging the discussions. Any 
additional work in science necessary to fulfill the curriculum re-
quirements in the community was restricted to the physical sciences. 
NATURAL SCIENCE WORKSHOP 
The natural science workshop was conducted by the staff of 
the Massachusetts Audubon Society at the Society's Nature Center, 
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Drumlin Farm Wildlife Sanctuary, South Lincoln, Massachusetts. 
Both the television teacher, Dr. Weston, and the program producer, 
Dr. Walcott, participated in the development and presentation of these 
workshop sessions. The workshop met for three aU-day sessions, 
September 17, 18, and 19, and every Thursday afternoon from 
September 24 to October 29. 
The workshops covered major biological principles involved 
in the television series and placed considerable emphasis on projects 
and materials that could be used successfully in the elementary grades. 
Workshop seesions covered the following: 
1. Use of live animals 
2. Energy 
3. Reptiles and Amphibians 
4. Birds 
5. Trees and Shrubs 
6. Minerals 
7. Marine Life 
8. Lower Animals 
9. Keeping Animals 
10. Three Kingdoms 
56 
Field trips, which were conducted as a part of the workshop, 
covered the following: 
I. Pond Life 
2. Bird Migration 
3. Insects 
4. Vegetation and Succession 
5. Geological Deposits 
6. Animal Behavior 
TELEVISION UTILIZATION WORKSHOP 
The television utilization workshop was conducted by the 
instructional staff of the Boston University School of Public Relations 
and Communication. All of the sessions were held in the SPRC 
television studios. The workshop met for three allday sessions, 
September 11, 12, and 19, and on Wednesday afternoons from 
September 23 to October 28. 
The workshop was designed to acquaint the teacher with the 
medium of television and help in the integration of its use into the 
classroom. 
COURSE OUTLINE 
1. Introduction: Justification, aims and purposes. 
2. Background: The problems an:d complexities of 
U.s. Education today; the role of modern 
communications media in education. 
3. Definition of Terms: 
a. Open and closed circuit broadcasting. 
b. Direct and indirect teaching. 
c. Enrichment, supplementation, 
replacement. 
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4. TV Production Orientation for understanding and 
appreciation. 
5. Studio Demonstrations. 
6. The problems of Educational Television are the 
problems of education. 
a. Principles of good teaching. 
b. How we learn. 
c. The audio-visual aid; its place and value. 
7. Educational Television History. 
8. Integration of ETV into Curriculum and Classroom. 
9. Exemplary Types of ETV Projects. 
10. The Television Teacher. 
11. Program Viewing and Evaluation. 
12. Direct vs. Indirect TV Teaching. 
13. Effective Use of TV in the Classroom. 
a. Class preparation. 
b. During the telecast. 
c. Follow up activities. 
d. Evaluation. 
14. Physical Problems of Classroom Use. 
15. The Teaching Guide and Its Effective Use. 
16. Research and Results; Future Research Needs. 
17. Summary and Evaluation. 
CHAPTER IV 
CONSTRUCTION OF THE MEASURING INSTRUMENTS 
In order for a test to be a test that will measure the ability 
in scientific reasoning, it must meet certain criteria. First, it must 
be a test of scientific reasoning and not a test of learning. The items 
in the test should be so designed that it is impossible to obtain a 
correct answer because of learning. Many so-called reasoning items 
fail as reasoning items because they involve common everyday re-
lationships that the subject may have learned in either school or in 
day to day living. Consider the following item in which the problem 
is to indicate which unit does not belong in the group. 
a) Carrot b) Beet c) Apple d) Radish 
At first this may seem to be an item that requires reasoning. It 
probably would be an item that would require reasoning were it not 
for the fact that we commonly talk about fruits and vegetables. These 
classifications are so common that the answer to the item is almost 
automatic. In short, we know the answer before we start to work 
the problem; we merely remember past experiences in which we 
learned that a carrot, a beet and a radish were vegetables and that 
an apple was a fruit. 
Consider the item again with only one change. 
a) Peach b) Beet c) Apple d) Radish 
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The first reaction is to try to group them, according to past habit, as 
vegetables and fruits. This of course cannot be the solution since two 
are vegetables and two are fruits. While the language habit and memory 
solved the first item, it requires considerable thought to solve the 
second. That this thought process involves what we have called 
reasoning is discussed in detail in another section of this chapter. 
The answer to this second item is (a) Peach. The reason being 
that the other three are red in color while the peach is not. Often 
times a subject who has failed to solve the item feels that he has been 
cheated. Angry for not thinking of what appears as a simple answer, 
he argues that not all apples are red, not all radishes are red, and that 
beets aren't really red. Those who solve the item correctly judge it 
a very clever item, because they were clever enough to think of the 
right answer. The validity of the item can be checked by giving a 
group of individuals paper and a box of colored crayons and then asking 
them to draw pictures of a peach, a beet, an apple and a radish. Unless 
there is an extremely creative person in the group, or an individual 
who is suspicious of what he has been asked to do, the results will be 
a yellowish orange peach with the beet, the apple and the radish being 
more or less the same shade of red. 
The important point here is the comparison of the two items. 
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Both require memory; the first requires remembering the classification 
of fruits and vegetables; the second requires the remembering of a 
commonly abstracted color. The two items differ, however, in that 
the first is quickly solved by learned habits of language while the sec-
ond requires thought. If color were a commonly used method of 
classification, the second item would probably be no better than the 
first. 
The second criterion for a reasoning test is that it should 
not be a test of knowledge. This point can be illustrated with the follow-
ing item in which the subject is to indicate which animal does not belong 
in the group. 
a) Kangaroo b) Grizzly Bear c) Koala Bear d) Duck-bill Platypus 
This item is a reasoning item. as long as the subject knows that the 
kangaroo, the koala bear and the duck-bill platypus are animals native 
to Australia. If the subject does not have this information, it becomes 
impossible for him to reason out the answer. Lacking the necessary 
information, the subject guesses the answer. If he guesses wrong, 
the item counts against the subject's final score, not because the sub-
ject can't reason, but because the subject lacks the information needed 
to reason out the answer. The item also favors the subject who has 
an extensive interest in exotic animals. He will probably get the 
answer right because the information is foremost in his mind regard-
less of his ability to reason. Obviously it is impossible to eliminate 
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the effect of knowledge in a reasoning test, but every effort must be 
made to keep the effect of knowledge, both negative and positive, from 
overly influencing the results of the test. 
The third criterion for a reasoning test is that it be able to 
differentiate between possible techniques in reasoning. For the 
purposes of this &iuh it was decided to test three distinct aspects 
of the reasoning pro.cesst imagination, observation and language. 
The imaginative aspect of reasoning is herein defined as that aspect 
which takes place entirely within the nervous system. The infor-
mation needed to solve the problem is stored in the memory of the 
subject and the solution of the problem requires the mental manipul-
ation of this information either in the form of verbal symbols, visual 
symbols, visual images or any combination of the three. Verbal 
symbols would be similar to the followingt a) Apples are round. 
b)-Apples are very often red. c) Apples grow on trees. d) Apples 
can be used to make pies. e)- . . • • • . . . . . . . . . . . . . . . . . . . . . Much 
information is stored and used in thi1 verbal form. 
An example of information in visual symbols would be the 
recalled image of a schematic diagram. of an apple or an apple tree. 
Such a diagram would undoubtedly contain key words that 
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would help in the utilization of the visual symbol. While visual 
images are similar to visual symbols, the former is defined in this 
study as being the eidetic type in which an individual recalls and 
creates sensory interaction between himself and an apple or an apple 
tree. Tests probably could be designed to separate abilities in these 
three types of imaginary thinking; however, this study groups the 
three together under the single title imagination and further clarifies 
it by defining it as thinking with stored or recalled information. 
The observation aspect of reasoning is defined as the reason-
ing with information, primarily sensory in nature; that is, outside 
the nervous system of the subject and can be referred to by the subject 
at any time during the problem solving activity. In short, all infor-
mation is outside the nervous system as contrasted with all information 
being stored within the nervous system. Such information could involve 
one or all of the senses. For practical reasons the tests in this study 
were confined to the visual sense. 
The language aspect of reasoning is defined as reasoning by the 
methods used in formal deductive and inductive logic. In the language 
aspect of reasoning as used in this study the information is in purely 
verbal form and lies outside the nervous system. It is a system of 
reasoning involving the manipulation of verbal symbols. In this respect 
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it is similar to the imagination aspect discussed earlier; however, 
it differs from the imagination aspect in that the information lies 
outside the nervous system of the subject and can be referred to by 
the subject at any time during problem solving without resort to 
memory. 
Before discussing the details of the test construction, it is 
important to point out that the three aspects, imagination, observation, 
and language, cannot be isolated from one another because, they are 
functionally inter-related. Some of these inter-relationships have 
already been pointed out, such as verbal symbol imagination and 
ia:riguage, or the possibility of using eidetic visual images in a way 
that approaches observation. While the three aspects cannot be 
isolated they can be brought into sharper focus by the designing of 
test situations that tend to emphasize~ of the aspects while de-
emphasizing the other two. This is the basic principle that was 
used in the designing of the tests constructed in this study. 
THE IMAGINATION TEST - Science Reasoning Test I 
The test designed to measure the imagination aspect of the 
reasoning process was constructed as follows: 
Each item consisted of the names of five plants or five 
animals. Four of the five contained a common characteristic of 
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some nature, a characteristic which was not found in the remaining 
plant or animal. 
Example: a) Deer b) Bear c) Elk d) Antelope e) Moose 
In this example the common characteristic is the possession of 
antlers. The deer, the elk, the antelope and the moose are all 
animals that have antlers. The bear does not have antlers. While 
the possession of antlers is the most obvious solution to this problem 
of classification, it is not the only possible solution. The same 
answer could be obtained by using foot structure, herding instinct, 
eating habits or as one child put it, "All four are deer-like." 
The form of this test is designed around the imagination 
aspect of reasoning. Since, by definition, the imagination aspect 
of reasoning involves the use of information that is stored in the 
nervous system, it is most important to present the reasoning 
problem in a form that contains the least possible amount of in-
formation. The use of single word verbal symbols comes as close 
as possible to fulfilling this requirement. 
Verbal symbols, for the most part, contain absolutely no 
information; they are arbitrary marks which have meaning because 
of past learning. This means that a verbal symbol depends entirely 
upon information stored in the nervous system of the subject 
responding to the symbol. Thus while the item starts as an 
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external stimulation it is entirely dependent upon stored information. 
Science Reasoning Test I - Meeting Criteria Number I. 
The effect of learning was held to a minimum by avoiding 
it ems that used obvious classifications or classifications that are 
used a great deal in day to day living. After some random exploring 
of item writing it was discovered that two techniques seemed to 
fulfill this particular criteria. One of the techniques was to choose 
all five of the plants or animals from the same group. Thus all of 
the animals might be farm animals, or the plants might all be fruits 
or all vegetables. In such an item the classification would thus be a 
sub- group of the larger group. An example of this type item is found 
in item #12: 
a) Duck b) Goose c) Swan d) Pelican e) Hawk 
All five of the symbols refer to birds, four of which are water birds 
that have similar foot and bill construction. In this type item the 
subject doesn't realize what the problem is until he has made the 
first general classification of birds. Upon discovery that they are 
all five birds, the subject is forced to consider possibilities other 
than the obvious. 
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The other technique in item construction involved the use of 
contradiction. The five symbols were chosen from two common 
classifications. A good example of this technique is found in item #30: 
a) Pear b) Radish c) Tomato d) Beet e) Cherry 
Here, three of the symbols refer to fruits and two of the symbols 
refer to vegetables. This contradiction makes the obvious classification 
impossible and thus forces the subject to search for new and less obvious 
relationships. 
Another technique for de signing the items, a technique that 
proved extremely difficult, was that of choosing symbols which didn't 
seem to have any possible relationship to each other. The best example 
of the technique is item #10: 
a) Mouse b) Bee c) Elephant d) Ant e) Humming Bird 
In this item the solution is a very obvious one and yet it is hidden by 
the fact that each of the symbols refers to individuals that seem to have 
absolutely nothing in common. The major problem with thie type of 
item is that it opens up the possibility for negative classifications. In 
the above item this has been blocked by the inclusion of two animals 
from some of the more obvious negative possibilities. There are two 
insects, thus making it impossible to say "the other four are not insects." 
There are two animals that fly, thus making it impossible to say "the 
other four do not fly." Unfortunately in this particular item one 
67 
possibility was left open for a negative grouping. The subject could 
still state that the humming bird does not belong in the group because 
the other four are not birds. 
The problem of negative classifications in such a test is a real 
one, especially with the more obvious characteristics. Actually 
negative classifications are not logical. An analysis of a negative 
classification such as the one mentioned above in which it is stated 
that the "other fotJ.r are not birds" reveals the fact that we are not 
really talking about the bird. We are saying that what the four have 
in common is non-birdness. This statement would be true about any-
thing that wasn't a bird. Such a classification may be important to 
birds, but not important to other things. It would seem from this 
analysis that negative classification is1in reality, a faulty technique 
in reasoning and that incorrect answers on the test made because of 
negative classifications are actually errors in reasoning. However, 
even though this may be true, every attempt was made to keep obvious 
negative possibilities out of the test. 
Science Reasoning I - Meeting of Criteria Number 2. 
In order to minimize the effect of knowledge on the reasoning 
test score, a special test was constructed to measure the amount of 
information that the fifth grade child had in regard to the key 
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groupings contained within the reasoning items. 
For example, a reasoning test item would be written thus: 
"Which of the following does not belong in the group? a) Robin 
b) Eagle c) Bat d) Ostrich e) Bee." If this item is to measure 
reasoning, the subject must know that the ostrich does not fly, while 
all of the others do fly. If the subject did not know these facts then 
he could not reason out the solution. Without the facts the subject 
would miss the item, thus the item would be measuring the subject's 
knowledge and not his reasoning ability. 
The special information test deliberately asked questions 
pertaining to knowledge. For example, the before mentioned item 
from the reasoning test would be written thus in the information test: 
"Which of the following animals can fly? a) Robin b) Eagle c) Bat 
d) Ostrich e) Bee." The subject was further instructed that there 
were more than one possible right answers to each item. 
Each item in the reasoning test was thus checked to make 
certain that the majority of fifth grade children did have the infor-
mation needed to solve the reasoning item. This special information 
test is hereafter referred to as the Recall Test. 
The resulting answers on the Recall Test were analyzed by 
two methods. One technique was to tabulate the number of subjects 
that marked the item completely correct. In the sample item above 
it would mean that the subject had to mark four correct responses: 
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a). b), c) and e). The number of subjects thus marking the item were 
then expressed as a percentage of the total taking the test. The other 
technique involved an analysis of each possible choice for each item. 
The number of correct responses for each choice were also expressed 
as a percentage of the total number taking the test. The percentages 
of correct responses for both items and choices are presented in 
Table 2. This table covers only those items that were used in the 
final reasoning test. 
Items for the final reasoning test were chosen from those that 
received the highest percentage of correct responses for both total 
item and choices. In effect this meant that the easiest possible items 
from an information point of view were chosen, thus insuring the 
greatest possible common knowledge. Thus constructed a perfect 
test in reasoning would be one that was made up of items and choices 
receiving lOOo/o correct responses. 
A study of Table 2 reveals the fact that the percentages cor-
rect on total item have a fairly large range and an average for the 
total test of 38.04%. This figure is a representation for amount of 
TABLE 2. PERCENTAGE OF CORRECT RESPONSES ON 
RECALL TEST FOR SCIENCE REASONING TEST I. 
Percent Percent Right on Individual Choice 
Item All Choices 
Right a b c d e Average 
4- 10 ND ND ND ND ND ND ND~~ 
11 44 96 64 100 76 84 83. 6 
12 16 85 68 50 37 80 64.0 
13 41 78 75 88 57 82 75.0 
14 50 90 87 69 91 57 78. 8 
15 62 87 81 94 72 84 83. 6 
16 16 64 20 84 80 76 64.8 
17 40 45 48 84 94 84 71.0 
18 37 92 100 40 84 80 79.2 
19 59 80 100 88 72 76 83. 2 
20 59 81 87 93 90 97 89.6 
21 33 39 85 72 75 75 69. 2 
22 18 46 63 63 63 42 55. 4 
23 22 68 72 72 68 44 64.8 
24 29 72 72 68 60 76 69.6 
25 39 64 96 88 76 76 80.0 
26 19 64 88 84 52 40 65. 6 
27 21 84 54 79 63 93 74.6 
28 37 99 99 100 57 87 88. 4 
29 59 79 100 79 91 87 87.2 
30 60 97 66 84 72 75 78.8 
*No Data 
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knowledge is conservative because it requires that all choices for a 
particular item be correct. There is considerable difference between 
the correct responses on the choices as compared with correct res-
ponses on the items. The average Dr all choices is 75. 32o/o. The last 
colurrm of the table lists the average percentage of correct responses 
for choices on each item. This average percentage for each item 
reveals the conservative nature of the percentage arrived at by using 
total correct responses for the item. 
This analysis of the items gives a conservative figure of 
38. 04o/o based on items and a more complete figure of 75. 32o/o based 
on individual choices. While this indicates that the influence of 
knowledge has been decreased it is still quite some way from the 
perfect relationship of lOOo/o. The seriousness of this failure to have 
lOOo/o knowledge level can be easily seen in Table 3 which indicates 
the possible interrelationships of reasoning ability and knowledge. 
TABLE 3. RELATIONSHIP BETWEEN KNOWLEDGE LEVEL 
AND MEASUREMENT OF REASONING. 
Subject's Reasoning Ability 
Percent 
of 20o/o 40o/o 60o/o 80o/o IOOo/o 
Perfect 
IOOo/o 5.6 10.8 16. 2 21.6 27 
Subject's 80o/o 4.3 8. 6 12.9 17.4 21. 6 
Knowledge 
Level 60o/o 3. 2 6. 5 9.7 12. 9 16. 2 
40o/o 2. 2 4.3 6.5 8. 6 10.8 
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According to Table 3 a subject who knows all the facts would 
have a knowledge level of lOOo/o. This subject's score on the reasoning 
test would be a good estimate of the individual's ability to reason. For 
example, if he were a perfect reasoner {as measured by the test) he 
would score 27. If his capacity to reason was only 80o/o of what the 
total test measures, his score would be 21. 6 The table further in-
dicates that a person who knows only 80o/o of the information, but who 
has a perfect ability to reason {IOOo/o) would also get a score of 21. 6. 
On first analysis, this would seem to be a very serious 
criticism of the test since the knowledge level is estimated to be 
roughly somewhere between 38 to 75o/o. However, there are two 
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factors that help to compensate for this deficiency. First, the chart 
presents knowledge (recall) as though it were on the same level of 
difficulty as reasoning, which it is not. 
There is also the possibility that reasoning ability can over-
come the lack of knowledge. This can best be illustrated by two items 
on the test. 
Item 16 a) Tiger-64% b) Jackal-20% c) Lion-84% 
d) Deer-80% e) Wol£-76% 
Item 13 a) Cod-78% b) Mackerel-75% c) Clam-88% 
d) Perch-57% e) Salmon-82% 
The notation after each choice represents the percentage who gave the 
correct response for that choice. Item 16 had a 16% correct res-
ponse score as a total recall item, and Item 13 had a 41% score. In 
Item 16 only 20% made a correct response to choice b) Jackal. This 
could mean a serious handicap on this item because of a lack of in-
formation. However, assume that the subject did not know what a 
jackal. was. The subject could let this 1 ack of information discourage 
him completely and consequently skip the item. (The item analysis 
indicated that five out of fifty did omit this item in the reasoning test.) 
Or he could attempt to reason out the answer despite the lack of know-
ledge. The subject could reason that since he doesn't know what a 
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jackal is that jackal must be the one that doesn 1t belong. (Thirteen 
out of fifty marked jackal as being the one that did not belong in the 
group. Ten of these were in the low 25.) It would seem logical that 
such an item would be very poor as a reasoning item since it ·is being 
missed because of lack of information. However, a deeper analysis 
of the situation will reveal that the marking of jackal is actually poor 
reasoning. To begin with, marking an answer just because it is a 
strange word does not represent a very logical response unless such 
a response is backed by other indications. Further, a subject that 
attempts to reason through the problem, in spite of the fact that he 
does not know what a jackal is, will discover that three of the animals 
are hunters; the tiger, the lion and the wolf, while the remaining 
animal is prey to the others. On the basis of inductive reasoning, it 
would seem highly probable that the jackal is also a hunter, 
This same reasoning can be applied to the other item. The 
subject who applies reason to the choices will discover that three -
the cod, the mackerel and the salmon, are fish that swim, while the 
remaining one is a shell fish. This would make it highly probable 
that the perch is also a fish that swims. 
From this argument it would seem safe to assume that good 
reasoners will get these items correct more often than poor reasoners 
when both are equally handicapped by the lack of information. While 
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few individuals will have the ability to reason through to a probable 
answer as indicated above there are indications that those who mark 
a choice just because it is a strange word are doing so without logical 
justification. The item analysis of the two items above indicates that 
jackal and perch were both marked because they were strange words. 
The frequency of their choice in the reasoning test is above the chance 
level as can be seen in Table 4. 
TABLE 4. ANALYSIS OF RESPONSES TO ITEMS 13 AND 16 
IN SCIENCE REASONING TEST I. 
Item Choice 
13 Cod Mackerel Clam Perch Salmon 
27% High 0 0 23 1 0 
27% Low 1 1 12 5 0 
16 Tiger Jackal Lion Deer Wolf 
27% High 0 3 0 19 0 
27% Low 0 10 0 11 2 
Omit 
1 
6 
Omit 
3 
2 
The control of the effect of knowledge on the score obtained on 
the reasoning test is based on three basic assumptions; 1) that the 
effect of knowledge has been held to a minimum by choosing items 
that are within the subject's knowledge range, 2) that the effect of 
knowledge is further minimized by the fact that reasoning is a more 
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difficult skill and that therefore the reasoning ability of an individual 
will seldom if ever exceed his ability at simple recall, 3) that reason-
ing can be used to get around basic gaps in knowledge. 
Avoidance of multiple answers. A major problem in writing items for 
this test was the elimination of the possibility of more than one correct 
answer. The problem can be illustrated with the following item: 
a) Rabbit b) Deer c) Cow d) Bear e) Sheep 
This item was originally designed to group rabbit, deer, cow 
and sheep together. All four are animals that are vegetarians, while 
the bear eats both plants and animals. Subjects grouped them in many 
different ways, some more logical than others. The different ways 
were as follows: 
1) The deer, the cow, the bear and the sheep are animals 
about the same size, while the rabbit is much smaller. 
2) The rabbit, the deer, the bear and the sheep have full 
bushy tails while the cow has a long stringy tail with 
hair on the end. 
3} The rabbit, the deer, the cow and the bear have hair 
while the sheep has heavy wool. 
All of these answers indicate degrees of reasoning. Any item 
that had so many logical answers would not be a good item, especially 
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if the answers were to occur at relatively high frequency. In order to 
safe-guard against the possibility of multiple answers, the subjects, 
during the preliminary checking of the items, were required to write 
out an explanation as to why they had chosen a particular answer. After 
each item they were required to complete the following statement re-
garding group. "All four are . 11 By 
------------------------------
checking these answers it was possible to determine if there were any 
possible multiple answers that were logical. One rather interesting 
item turned up. It appeared in one of the preliminary tests in the 
following form: 
a) Apple b} Lemon c) Orange d) Peach e) Pear 
The correct answer was peach. All of the others have several small 
seeds while the peach has one large pit. A large majority of the 
subjects marked lemon and gave as their reason that the other four 
were fruits. While this is not true, it raises a major question as to why 
there should be so many children who would agree, without checking 
with one another, that a lemon was not a fruit. Needless to say, this 
agreement by majority made the item useless. 
All items that indicated multiple or strange answers were either 
changed or discarded completely. The attrition rate of items was quite 
high. In order to appear in the final test, an individual item had to 
pass the following qualifications: 
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1) It had to be high on the recall test. 
2) It had to be void of multiple correct answers. 
3) It had to have adequate discrimination ability. 
Of seventy items that were pre-tested only twenty were chosen. These 
twenty were the best of the group. Many of those used in the final test 
were questionable, especially in regard. to their position in the recall 
analysis. All of the other items were either ambiguous or too difficult. 
More items should have been pre-tested; however, because of the 
pressure of time it was necessary to use the twenty best. Also it was 
necessary to write, without pre-testing, seven new i terns to increase 
the total number of items on the test with the hope that it would increase 
the test reliability. Because so many of the items had proven to be too 
difficult these seven items were deliberately made easy and included 
many very obvious classifications. These items were checked on 
several children of the fifth grade level to determine if they would fulfill 
their function. The checking of these items for reliability was left until 
after the administration of the test in the testing situation. While this 
is not the best procedure for test construction it was necessary in this 
situation because of the pressure of time. 
The other items in the test were pre-tested by administering a 
forty item test Form 1 to a fourth, a fifth and a sixth grade in the town 
of Brookline, Massachusetts. A total of 117 subjects took the test. 
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The top and bottom 27% of the group were compared in an item 
analysis and each item was rated for level of .discrimination and level 
of difficulty. Form 2, a similar test with thirty items, was administered 
to the same three grade levels in the city of Lynn, Massachusetts, where 
a total of 99 subjects took the test. A similar item analysis was made 
for items in Form 2. On the basis of the item analysis, 11 items were 
chosen from Form 1 and 9 items were chosen from Form 2. Since so 
few of the items were chosen from these two forms no data were 
tabulated to check their reliability. Reliability of the final form was 
made on a randomly chosen sample of the subjects taking the test in 
the experiment. 
TABLE 5. DISCRlMINATION CO-EFFICIENTS FOR ITEMS IN 
SCIENTIFIC REASONING TESTS I AND II. 
Science Reasoning Test I Science Reasoning Test II 
Item Q Item Q Item Q 
11 • 30 39 . 42 59 .so 
12 • 20 40 • 70 60 .53 
T3 • 47 41 .40 61 • 60 
14 . 45 42 . 60 62 . 21 
15 • 60 43 . 68 63 . 45 
16 • 31 44 .70 64 . 60 
17 • 49 45 .40 65 .34 
18 • 31 46 .70 66 .18 
19 • 32 47 .70 67 .72 
20 • 55 48 .58 68 • 61 
21 . 42 49 • 35 69 • 68 
22 • 48 50 -. 25 70 .08 
23 . 22 51 . 35 71 • 68 
24 • 40 52 • 60 72 • 12 
25 .40 53 .40 73 .90 
26 . 45 54 .40 74 . 25 
27 . 60 55 . 30 75 .75 
28 .11 56 . 50 76 .90 
29 • 25 57 . 60 77 . 12 
30 .18 58 . 20 78 .90 
The above table indicates the discrimination ability o£ the items 
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in Science Reasoning Tests I and II, as indicated by Natick sample. 
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OBSERVATION TEST 
As defined in the study, the observation aspect of reasoning 
is concerned with sensory information lying outside of the central 
nervous system of the subject. For practical reasons it was decided 
to limit the test to visual information. 
The basic problem presented to the subject in this test is the 
discovery of a principle of classification. The subject is presented 
with a group of figures and told that the figures are grouped together 
because they have something in common. The subject is to discover 
by the use of reason why these figures have been grouped together. 
Once he has determined why they have been grouped together he looks 
at a set of individual figures and decided whether or not the new figure 
belongs in the group. The test has a total of twelve different groupings. 
Three groups "A", "B" and "C" are presented along the top of each 
page of the test. On the remainder of the page are ten separate figures 
to be classified as belonging in one of the three groups at the top of the 
page, or if the figure does not belong in any one of the groups it is to be 
placed in a group "D" (see Appendix D). 
The principles of classification are quite simple. On page one 
the principle is the number of sides or the number of corners that each 
figure has. Group A is made up of figures with three sides, Group B 
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is ;made up of figures which are composed of straight and curved lines 
plus a very well defined saw-toothed edge. Group C is made up of 
figures that are composed entirely of curved lines. On page three 
the figures are less abstract as far as their visual appearance is 
concerned. Each figure is an imaginary bug. The bugs in Group A 
all have six legs; those in Group B have four legs while those in Group 
C have definitely segmented bodies with six legs, two on the front seg-
ment and four on the rear segment. On page four the principle of 
classification is a double one in which each figure has two character-
istics in common rather than one. In Group A each figure is small 
and shaded. In Group B each figure is large and clear, and in Group 
C each figure is small and filled in solid. 
The prior knowledge and experience needed to take the test 
are held to an extreme minimum. The subject has to be able to count 
to six, to tell a straight line from a curved line, and to recognize 
differences in size and shading. These experiences are co:mm.on to 
all nor;rnal children in the fifth grade. Because prior knowledge has 
been held to a minimum, well within the experiences of the subject, 
the effect of prior knowledge on the score in this test is negligible if 
not totally zero. Thus the test meets criteria number two in that it 
is not a test of prior knowledge. The one exception might be the 
problems on page three which involve the classification of imaginary 
bugs. 
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C:Lf.iterioih one, the elimination of well learned or habitual 
methods of thinking, has been met in several ways. First, the 
problems are not similar to problems that might be encountered 
in normal experiences of the subject. Second, the classifying prin-
ciples, although obvious once they have been discovered, are not at 
all obvious on first observation of the groupings. Third, possible 
habitual methods of thinking have been used to form strong dis-
tractors. This third technique is well illustrated on page one of the 
test with Group A and Item 41. 
A 
On casual observation,Item 41 seems to be the same as the upper 
right hand figure in Group A. The general shape and size is about 
the same and the markings on the two figures are identical. However, 
to place Item 41 in Group A is not a logical decision, for to do so 
the subject must ignore the instruction to decide what each of the 
figures in Group A have in common. The markings on the upper 
hand figure in Group A are not common to the three figures, therefore, 
J 
the marking is not the principle of classification being used; con-
sequently, the markings on figures must be disregarded. Actually 
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the figures in Group A have two things in common-- they are all made 
up of straight lines and they all have three sides. While Item 41 is 
constructed of straight lines, it has four sides rather than three. 
The justification of the use of such powerful distractors is 
based on the assuznption that a poor reasoner will choose what appears 
to be correct while the good reasoner will check his decision and will 
thus realize that Item 41 does not belong in Group A even though it looks 
a great deal like the upper right hand figure in that group. 
One might argue that the use of such powerful distractors is 
unnatural and that most classifications used in life situations are of the 
obvious type. Such an arguznent m.ight be justified on the basis of every-
day living. However, the scientific classifications are not always obvious 
to the casual observer. For example, it is not an obvious classification 
to place the bat and the elephant in the same group. They actually seem 
to the casual observer to be more different than they are alike. How-
ever, in spite of their obvious differences, they have one very important 
feature in common; consequenUy they are both classified as mammals. 
The cas~l observer is also misled by the physical characteristics of 
the salamander and the newts. Most people assume that the salamander 
and the newt are lizards and therefore reptiles because they have the same 
body shape as the lizard. However, the salamander and the newt are 
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amphibians and thus are clatssified with the frog. Modern science has 
many not so obvious classifications. Since the test is designed to 
measure the ability to do scientific reasoning, the use of hidden 
features for classification along with powerful distractors seems to 
be justified. 
A preliminary form of the test containing forty items was 
tried on a fourth, a fifth and a sixth grade in the city of Newton, 
Massachusetts. There were a total of 74 subjects. The results indicated 
a mean of 16. 66 and a standard deviation of 7. 78. The Kuder-Richardson 1 
formula for estimating reliability gave a co-efficient of . 91. 
An item analysis indicated that most of the items fell in an 
acceptable range of difficulty and discrimination ability. The data on 
the item analysis is presented in Table 5. Because of the relatively 
high reliability co-efficient and the relative acceptability of the items, 
it was decided that it would be safe to use the test as it stood without 
any further revisions. This decision was influenced by pressure to 
have the tests ready for use in the experiment. 
THE LANGUAGE TEST 
Items used in the language section of the reasoning test were 
1 Harry A. Greene, Albert N. Jorgensen, & J. Raymond 
Gerberich, Measurement and Evaluation In The Elementary Schools, 
p. 387. 
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designed as follows: First there was a straight question of the type 
found in many objective type tests (See Appendix E). Following the 
question were five separate facts, each of which is true, but taken 
individually no one of the facts will answer the question. In order to 
answer the question it is necessary to reason with the facts toward 
the answer. Some of the facts are necessary in order to arrive at 
the answer to the question while others are not necessary. The sub-
ject taking the test is required to decide which facts are needed and 
then by using those facts arrive at the answer. The subject is re-
quired to write an answer to the question and indicate which of the 
facts he used in arriving at the answer. 
It was decided to include both deductive and inductive type 
problems. Since there is little general agreement as to the nature 
of deductive logic and inductive logic, it is advisable to look at 
example items of each type of logic as defined in this study. First 
let us look at an item requiring deductive logic. 
QUESTION Do whales nurse their young? 
FACTS a) Whales are mammals. 
b) Baby whales are born alive. 
c) Whales are mammals that live in the ocean. 
d) Mammals nurse their young. 
e) Whales get their air through lungs. 
Tlii.s problem can be solved by straight application of formal 
logic. Translated into a sylogistic form the argument would look as 
1 
follows: 
All mammals are animals that 
nurse their young. 
All Whales are mammals. 
All whales are animals that 
nurse their young. 
All M is P 
All S is M 
All S is P 
AAA- 1 
Since fifth graders are not familiar with the methods of logic 
they probably use a much simpler method. They probably use the 
word "are" in fact (a) as though it were an indication you could sub-
stitute the word 11whales 11 for the word "mammals 11 in fact (d). In 
either case the problem involves the relationship between classes or 
groups and has a definite answer which is true provided the two facts 
are true. By contrast let us look at an item that requires inductive 
logic. 
QUESTION Several people in a particular area became 
quite sick. Why? 
FACTS a) Anopheles mosquitos live in a nearby swamp. 
b) Grandma Jones says that they have "nights ickness." 
c) Typhoid makes people sick. 
d) Malaria is carried by the anopheles mosquito. 
e) Malaria makes people sick. 
Given these facts most individuals will conclude that the people 
1 Irving M. Copi, Introduction to Logic, p. 162. 
had malaria, This actually is the best guess that one can make 
given these facts. However, given these facts you cannot tell for 
certain that the people have malaria. Even if you were given the 
additional facts: i) the people had been bitten by anopheles 
mosquitos. 
ii) the mosquitos in the swamp were known to 
carry malaria. 
iii) the people had symptoms that were common 
to individuals who had malaria. 
you could not say for certain that the people had malaria. Each 
fact does, however, increase the probability that the people have 
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malaria. Within the facts in the item there were three possibilities 
for why the people may be sick. They may have typhoid; they may 
have malaria, or they may have "night sickness. 11 The idea of 
"night sickness" is discounted because it is uncertain as to what 
Grandma Jones means and even less certain that Grandma Jones 
knows what she is talking about. This leaves typhoid and malaria . 
.Malaria is chosen because there are more facts to support this as 
a possible answer. Were the num.ber of facts equal for typhoid 
and malaria, and were the facts equal in importance, either would 
be correct. 
In this item, which requires inductive logic for its solution, 
we are not dealing with definite answers, but with probable answers. 
The answer is actually what scientists call a hypothesis. You cannot check 
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the certainty of this hypothesis by looking at the facts; the facts reveal 
its probability only. To check the certainty of the answer would call 
for a blood test of each of the persons who are sick. Such a check 
might reveal that all, some or none of the persons have malaria. 
However, given the facts of the item, the best hypothesis that can be 
made is that the people have malaria. 
It is not expected in this experiment that children in the fifth 
grade should be able to recognize the difference between a deductive 
it em and an inductive item. Nor is it expected that they be able to 
analyze the processes of thinking that are involved. Preliminary 
testing of children revealed that they could arrive at correct answers 
to both type items and that they had ideas regarding which facts they 
had used in arriving at the answer. Why children are able to do this 
is a complete mystery. In fact, the mystery applies equally well to 
most adults. While most people are capable of thinking, only a small 
minority seem to be aware of how they arrive at their conclusions. 
Neither this test nor the experiment itself attempted in any way to 
unravel this mystery of human thinking. While the test is designed 
around formal and rational methods of using language in the thought 
process, it cannot be concluded that the test measures the ability to 
understand the formal and rational methods involved. The test gives 
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an indication as to which child arrives at the "correct" answer using 
the "correct" facts. In order to understand this it should be kept in 
mind that the rrcorrectrr answers are in reality the "correct" answers 
of adult usage. Or to put it in other words, language used in this 
particular way will arrive at this particular answer. In short, we 
may be testing conformity of language habits. Adults may agree 
on the answers to the item, and they may further agree as to which 
facts are needed, merely because of habits of language and for no 
other reason. If this is true, it would mean that in reality we are 
testing the child's acqubition of the language habits of the society in 
which he lives. The habitual aspect of the process could explain why 
individuals have difficulty in explaining what they did in solving the 
problem. To them, what they did would just seem right because 
"that is the way you do it. n 
Two different forms of this test were pre-tested on a fifth 
and sixth grade classes in the town of Wellesley, Massachusetts. 
67 were administered form 11A 11 • 63 were administered Form 11 B 11 • 
The resulting papers were scored by the following methods; 
1) A score for the num.ber of correct written answers. 
2) A score for the num.ber of items that had all correct 
facts marked. 
3) A score for the num.ber of facts marked correctly 
minus the num.ber of facts marked incorrectly. 
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The papers were given multiple scores in order to determine 
the most accurate method for obtaining scores from the marked facts 
thus making it possible to machine score the tests. Since the experiment 
in which the test was to be used was to involve almost three thousand 
subjects it would be impossible to read the written answers for each 
question. It was asswned that the written answer was probably the most 
accurate as to the measurement of t]:le ability to reason. This asswn-
ption was made in spite of the possibility of subjective bias whichmight 
enter into the scoring of the written answers. 
The scores obtained by the three methods are shown in Table 6. 
The last colwnn indicates the correlation between the written test score 
and the method of machine scoring. 
TABLE 6. CORRELATION OF SCIENCE REASONING TEST Ill 
AS SCORED BY THREE METHODS. 
Method of Scoring Mean S.D. r (with 1) 
I) Written Answer 12.48 3.07 I. 00 
2) Item All Correct 5.09 3.07 .53 
3) Nwnber of Facts Right 
Minus Nwnber Wrong 21. 39 9. 38 .52 
On the basis of these figures it was decided to use method number 
three to machine score the test. This method has several argwnents 
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in its favor. One, it eliminates the possibility of getting ahigh guess 
score. Two, it gives a greater range of scores than does method two 
thus making possible a more reliable measurement of reasoning. 
Many papers indicated that method two was not a sensitive measure. 
Individuals who had marked two correct facts out of three would re-
ceive the same number of points (0) for the item as an individual who 
marked one correct fact and two wrong facts. Obviously the first 
individual is more capable of reasoning than the second. A third 
argument in favor of scoring method three became apparent later in 
the study. Although the items were originally chosen to deal with 
problems that would be new to the subjects, it became apparent that 
some subjects knew the answer to the question without using the facts. 
They had somewhere encountered the problem and were thus able to 
give a correct answer by only reading one fact. In such a case it was 
most important to know if the individual realized which facts supported 
his answer. This argument would seem to indicate the possibility that 
method three might be the most valid measurement of the three, even 
more valid than the written answer. 
The item analysis followed a pattern similar to the scoring methods. 
Each item was analyzed as a written answer, as a total facts right answer, 
and as individual facts. Consequently each item had two figures for 
difficulty level and two figures for discdmination ability. Also each 
correct fact within each item had a level of difficulty and a 
discrimination ability. 
The final test contained 12 items with a total possible right 
score of 36. 
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CHAPTER V 
RELIABILITY OF MEASURING INSTRUMENTS 
In order to check the reliability of the three science reasoning 
tests that were constructed for the experiment,a selected group of 154 
subjects was chosen from the seven classes that were participating from 
the Natick School System. A selected group rather than a random 
selection from all subjects in the experiment was used in order to give 
the tests the most rigid possible check for reliability. Also the same 
Natick group was used in order to get a check on the validity of the test. 
By using the selected group it was possible to make both the reliability 
and the validity estimates on the same population. 
The sample was chosen by the following method. The total 
population of the seven classrooms was screened and all subjects below 
age ten years zero months and above the age eleven years zero months 
were removed. After losses caused by incomplete data the final sample 
contained 70 boys and 71 girls. 
The reliabilities of the three tests were first checked by using 
the Kuder-Richardson formula (#77). 1 
1 Richardson, M. W. and Kuder, G. F. "The Calculation of Test 
Reliability Coefficients Based Upon The Method of RationalE qui valence" 
Journal of Educational Psychology. 19 39 30 681-687. 
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TABLE 7. ESTIMATED RELIA.BILITIES FOR THE THREE 
SCIENCE REASONING TESTS. 
Test N ld SD r 
Science Reasoning I 154 16.00 3,87 . 65 
Science Reasoning II 154 14.35 7.27 . 87 
Science Reasoning ill 154 14.85 7.31 • 83 
These estimates were all made by using the raw scores 
obtained on the tests. Since no correction was made for guessing, 
the standard deviations noted above are somewhat lower than the 
standard deviations noted in the experiment. The raw scores were 
used because it is impossible to use the Kuder-Richardson formula 
with corrected scores. 
It is important to point out that only part of the difference 
in standard deviations was caused by the use of raw scores. Since 
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the Natick sample had definite restrictions it would naturally have a 
lower standard deviation than would the total population of the experi-
ment. Table 8 gives some indication as to how the standard deviations 
varied on the three tests using raw scores, corrected scores and 
comparing the total experimental population with the Natick sample. 
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TABLE 8. COMPARlSON OF RESTRICTED SAMPLE SCORES WITH 
TOTAL POPULATION SCORES ON THE THREE SCIENCE 
REASONING TESTS. 
Test Natick Sample Natick Sample Total Population 
Raw Score Corrected Score Corrected Score 
M SD M SD M SD 
Science Rsn. I 16.00 3. 87 13. 91 4.79 11.76 5. 27 
Science Rsn. n 14. 35 7.27 6. 09 9. 85 5.48 9.63 
Science Rsn. m 14. 85 7. 31 14.85 7.31 12.08 6.44 
A further check on the reliability of the tests was made using 
the split half technique. In making this estimate a sample of 100 subjects 
of the same Natick group was used. This sample was the same one used 
in making estimates of the test validity and was obtained by taking a 
random sample of the 154 subjects used in the Kuder-Richardson re-
liability estimate. 
Two balanced keys were prepared for each of the three tests by 
£i rst listing all items according to difficulty level and then taking alter-
nate items for each scoring key. After calculating the correlation co-
efficient for the two forms, the estimate was corrected using the 
Spearman-Brown formula in order to arrive at an estimate for the total 
test. The Table 9 shows the various correlations and corrections 
derived by using pre-test data. 
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TABLE 9. SPLIT-HALF RELIABILITY ESTIMATES FOR SCIENCE 
REASONING TESTS USING PRE-TEST DATA. 
Test A Key B Key r r 
Corrected 
M SD M SD 
Sci. Rsn. I 7.90 2. 30 7. 69 2.05 . 32 . 48 
Sci. Ran. II 7. 03 3.50 6. 91 3. 86 . 67 . 81 
Sci. Rsn. m 7. 03 3. 47 7.79 4. 49 .75 . 86 
l plus Ill 15.02 4.98 15.48 5. 39 .53 . 69 
TABLE 10. SPLIT-HALF RELIABILITY ESTIMATESFORSCIENCE 
REASONING TESTS USING POST-TEST DATA. 
Test A Key BKey r r 
Corrected 
M SD M SD 
Sci. Rsn. I 8.96 1. 86 8.70 1. 92 .17 . 28 
Sci. Rsn. II 10. 35 4.42 10. 65 5. 14 . 82 . 90 
Sci. Rsn. m 9. 67 3. 58 10.49 4.48 .70 . 82 
I plus ill 18.62 4.51 19.21 5.50 . 62 .77 
The extremely low reliability indicated for Science Reasoning 1 
in the post-test data was due to the fact that the sample group began to 
push the top of the test resulting in a compression of the scores. This 
compression can be readily seen by comparing the standard deviation of 
the 11A 11 key pre-test (SD 2. 30) with the standard deviation of the "A" key 
post-test (SD 1. 86). 
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Table 11 reports a sum.mary of the various estimates that have been 
made regarding the reliabilities of the three tests. 
TABLE 11 RELIABILITY ESTD.fA TES FOR SCIENCE 
REASONING TESTS . 
Test -·----·--···-··· . 
Pre-test I II III I+ lli 
Kuder-Rich.ardson (footrule) .65 . 87 • 83 ND 
Hoyt's Analysis o£ Variances . 64 . 87 ND ND 
Split-hal£ .48 . 81 . 86 .69 
Post-test 
Hoyt's Analysis of Variances .56 ND ND ND 
Split-hal£ .28 . 90 . 82 . 77 
Taking into consideration that these estimates were made on 
a restricted group and that the larger total population of the experiment 
showed a larger variance than the restricted group, it seems safe to 
conclude that the reliability o£ the Science Reasoning Test I approx-
imates . 60, Science Reasoning II about . 85, and Science Reasoning 
Test III about . 84 and about . 75 for Test I plus Test III. 
In considering the reliabilities o£ these tests as they were 
used in this experiment, allowance must be made for the fact that the 
experimental results are not being tested on the basis of individual pupil 
scores. 
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The "score" used in the experiment is a class mean difference score 
found by subtracting the pre-test class mean from the post-test class 
mean. The class mean is determined by using approximately 30 pupil 
scores for the total class and 15 pupil scores when boys 1 and girls r 
scores are considered separately. Since the class mean is a more 
stable measurement, the reliability of the class mean scores is much 
greater than the reliability for an individual. It is the equivalent of 
multiplying the number of items in the test by 30. While the use of the 
mean difference, post-test minus pre-test, would have a tendency to 
lower the reliability, the use of the class mean maintains a reliability 
high enough for use in this experiment. 
CHAPTER VI 
VALIDITY OF MEASURING INSTRUMENTS 
Logical Validity 
One method for checking the validity of a measuring instrument 
is to analyze the instrument to determine if it requires the subject to 
utilize the skill that is being measured. The tests used in this study 
purport to measure the ability to do scientific reasoning. While there 
will always be some disagreement regarding the exact nature of sci-
entific reasoning, there is a common core which most individuals will 
agree is a form of scientific reasoning. Basically the steps are as 
followst 
1) The individual is confronted with some kind of a problem 
for which he has no ready solution. 
2) The individual analyzes the problem so as to make certain 
that he knows exactly what the problem is. 
3} The individual considers all available information that 
may relate to the problem. 
4} The individual uses the available information to formulate 
a possible solution to the problem. Such a possible solution 
can be called a hypothesis. 
5} The individual tests the possible solution to see if it will 
solve the problem. 
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6) If the possible solution fails, the individual re-analyzes the 
problem, the available information, and attempts to formulate 
a new possible solution. 
All indications are that an individual does not follow these 
steps in any particular order. There is great variation from individual 
to individual and great variation within each individual as he attempts 
to solve the problem. Some individuals will attack a problem in an 
organized manner, while others will have no apparent set system. A 
given individual may approach one problem in an organized manner and 
use an amorphic approach to another. Some individuals may fluctuate 
from organized steps to random attack while attempting to solve a. single 
problem. And yet1 all individuals who are successful at solving prob-
lems, utilize in part or in toto the six phases of scientific reasoning 
outlined above. It is assumed tha.t individuals who understand these 
six phases and their relationship to the total problem solving process 
will be the most successful in solving this type of problem. The tests 
used in this study were designed to measure the relative success of 
individuals in this overall activity. 
THE UlAGINA TION TEST - Science Reasoning I 
In discussing the activity of the subject in solving of the prob-
lems presented in the tests,inserted numbers (N} will refer back to the 
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appropriate one of the six steps. 
In the imagination test the basic problem (1) is stated in the 
introduction of the test. 
"Each question names five plants or animals. 
Four of the five are alike in some way. One of them 
does not belong in the group. Which one of the five does 
not have something that the other four have? tt 
The test administrator discusses the three sample items, one, two and 
three, with the class thus setting the basic analysis of the problem (2). 
To illustrate further let us take item thirty from the test, one of the 
more difficult items. 
a) Pear b) Radish c) Tomato d) Beet e) Cherry 
At first glance the subject may jump to the conclusion that four of them 
are fruits or four of them are vegetables. These are probable solutions 
(4). On attempting to apply this solution the subject discovers that it 
will not work (5). He then looks over the problem again (6). He goes 
over mentally what he knows about each one of the five~ drawing on his 
memory for his information (3). He forms new possible solutions (4). 
Maybe four grow on trees. He tests the solution (5). ·It doesn't work, 
so again he returns to search for more information (6) {2). Maybe four 
grow above the 'ground ( 4}. Again the solution is tested (5). This 
process continues until the subject somehow happens to consider the 
possibility of color. An individual may or may not be conscious of 
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using these various steps. lt is assuzned, however, that the subject 
who does apply these steps will be the most successful in getting the 
correct answers. Consequently, the scores on the test are assuzned to 
measure the application of scientific reasoning or the ability to do 
scientific reasoning. Obviously the subject 1s score may be influenced 
by his lack of information. The methods used to minimize this influence 
have been discussed. 
OBSERVATION TEST -Science Reasoning II 
ln the observation test the basic problem (1) is stated in the 
introduction of the test. 
"This is a test to see if you can work like a scientist or a 
detective. Below are a number of objects that have been 
grouped together because they are alike in some way. You 
are to discover in what way these objects are alike." 
The problem is further analyzed (2) by the administrator of the test as 
the subjects solve the practice items. Next the subject must study the 
grouped figures very carefully in order to determine what information 
may pertain to the problem ( 3). All of the information in this test is 
in a visual form and is quite limited in terms of possible variations. 
ln fact,the total possible variation within the entire test can be quickly 
1i sted. 
1) shape 
2) size 
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3} texture, marking or color 
4) number of sides to a figure 
5) number of points on a figure 
6) straight lines 
7) curved lines 
8) figure within a figure 
9) characteristic markings 
The page on bugs should probably be considered separately; however, 
the possible variations are just as limited. By pairing variations, the 
number of permutations possible is, of course, expanded. 
1) body shape 
2) number of legs 
3) texture, marking or color 
4) number of eyes 
A subject that is a careful analyzer wlll soon exhaust the possible ways 
in which each figure can vary (3). To solve the problem he has only to 
hypothesize a particular solution (4) and test it on the group of figures (5). 
If the solution does not work he tries another possibility (6). To 
illustrate the procedure let us take group "A" on page 2 of the test. 
The solution cannot be shape for each has a 
different shape. 
The solution might be size for they are all about 
the sa.m.e size, but then so are all of the items to 
be classified, so chances are the solution is not 
size. 
The solution cannot be texture, marking or color 
for each is different. 
The solution cannot be num.ber of sides or number 
of points on a figure for they are all different in 
this respect. 
The solution cannot be a figure within a figure 
since this occurs in only one figure. 
All of the figures are made with straight lines, or 
conversely, there are no curved lines in any of the 
figures. (Actually a solution if taken in the negative.) 
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Thus each of the groups can be analyzed. 
The success of the subject in the test will depend upon his ability to 
realbe all of the possible variations (all of which are actually before 
him on the paper) and then to test methodically these possibilities. 
A few items on this test can. be classified correctly by 
using a sort of "gestalt" approach in which the subject does not really 
analyze the figures within a group but goes to the items themselves 
and attempts to put the figures in their proper group by "feel". 
Ordinarily this will result in a low score because of the obvious 
nature of some of the distractors. However, in general the 11feel 11 
method should result in a higher score than the straight choosing of 
the distractors, provided that the individual understands that the 
figures in the group are alike in some way. If this is understood, 
the subject using the 11feel 11 technique will apply it to each and 
every figure in a group and not to just~ as is the case when one 
distractor over-influences the choice. Also, the "feel" technique, 
properly handled, can lead to insights which may uncover the 
characteristic by which the objects are classified. Page two of 
the test illustrates this point best. 1 
1 See Appendix D. 
Figure 49 when compared with the figures in group "A" 
does not seem to belong. When Figure 49 is compared with those 
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in group "B" it fits the lower right hand figure (the distractor); 
however, it does not seem to go with the other two figures. When 
Figure 49 is compared with those in group "Ou it doesn't seem to 
belong at all. Someone that jumps to conclusions might automatically 
put Figure 49 in group "D" saying that it does not belong in any of 
the groups. A large percentage of papers with straight "D" markings 
indicates that this happened quite often. 
If the subject applies this same procedure to each of 
the items on the page he may suddenly realize why some of the 
figures don't seem to fit group 11 0 11 • He may notice that all of the 
figures in group 11 0 11 contain no straight lines. This insight may 
lead to the discovery that all the figures in group "A" have no curved 
lines. Figure 54 also illustrates how the "feel method can lead 
to solutions of the problem. In comparing Figure 54 with the 
various figures, the subject notices the following: 
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the distractor star in group "A". Next he notices that Figure 54 does 
seem to fit rather well into group 11B 11 because of the saw tooth edge. 
This leads to the solution of the characteristic of classification for 
group 11B 11 • 
Even in the case of the subject that jumps to conclusions there 
should occur some sort of insight. If an individual finds him self mark-
ing all "D" answers, it should occur to the individual who is capable of 
reasoning, that there must be something wrong. Why would anyone 
construct a test in which all the answers were the same? The asking 
of such a question should lead to a re-analysis of the whole situation. 
Such experiences occurred to children, who having marked a series of 
11D 11 answers, would ask the examiner if they were wrong in being un-
able to assign the figures to any but the "D" category. The examiner 
would instruct the child to mark the answer which they thought correct. 
Some children at this point apparently reached a decision that this 
procedure was illogical, reviewed and changed responses. Others 
apparently reassured that they could so mark thei,r answers continued 
the set pattern. 
It would seem from the above analysis of the observation test 
that it places a great deal of emphasis on analysis and careful obser-
vation. 
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LANGUAGE TEST - Science Reasoning m. 
Since the language test is constructed on principles of formal 
deductive and inductive logic, there seems to be no further need to 
analyze the activities of the subject. Whatever is involved in using 
language in deductive and inductive thinking is probably being done 
by the subject in the test. Obviously it would be ridiculous to assume 
that fifth grade children were using the techniques of the formal 
logician. We can only assume that we are measuring whatever it 
is that we call language reasoning. 
Another type of validity is concurrent validity, the correlation 
with other measures. In this instance it might be said we seek. non-
concurrent validity, a lowness of correlation with other tests. When 
two tests are measuring the same thing to a high degree one would 
expect a correlation of at least . SO to • 90. Since there is the pos-
sibility that the science reasoning tests used in this study might be 
measuring intelligence, knowledge of the subject or reading ability 
it is important to obtain correlation co-efficients comparing these 
tests with the scientific reasoning test. While such a comparison 
cannot prove that the reasoning tests are valid, the comparison can 
indicate in a negative manner that the reasoning tests are measuring 
something different from the test with which it is correlated. 
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In order to make such a check as critical as possible it was 
decided to use a relatively homogeneous group rather than a random 
sample of the experimex:tal populath>n. A group of seven classes were 
selected from a single community, Natick, Massachusetts. This 
grouping was made further homogeneous by eliminating all subjects 
who were below the age of ten years and one month and all the subjects 
who were above eleven years and one month. The total number of 
subjects was further reduced by the necessity of having complete data 
on all subjects. The final N was 141$ 70 boys and 71 girls. The Table 
12 indicates how these groups compared on intelligence with one another 
and with the total population of the experiment. 
TABLE 12. COMPARISON OF NATICK SAMPLE WITH TOTAL 
POPULATION USING OTIS BETA RAW SCORE. 
Natick Total Population 
Mean SD Mean SD 
Boys 38.70 9. 20 ND ND 
Girls 37.42 7.79 ND ND 
Total 38.06 8. 54 35.05 9.88 
A complete inter-correlation was made on the selected Natick 
group using the Otis Beta Raw Score, the Science Information Raw 
Score~ the Science Vocabulary Raw Score~ the Science Reasoning 
Tests I~ II, and m, the Step Test and Grade Equivalent Scores taken 
lll 
from the Reading and Arithmetic tests of the Metropolitan Achieve-
ment Test, Intermediate Battery- Partial: Form R. Grade equiva-
lent scores were used on the Metropolitan scores because the raw 
scores on these tests were not available. Table 13 presents the · 
complete results of this inter-correlation. 
All correlations on the Science Reasoning Test I were below 
. 56 for both boys and girls. The co-efficient of . 56 was with the 
science information test and the science vocabulary test using the 
girls 1 scores. All but one of the correlations on the Science Reason-
ing II test were below • 37. A correlation of . 53 was obtained when 
Science Reasoning II was correlated with Science Reasoning m using 
the boys 1 scores. All correlations with the Science Reasoning ill 
test were below • 66. When tested by the use of "z" transformation 
none of the differences between the co-efficients for boys and girls 
are significant using a two tail test. On the basis of these relatively 
low correlations it would seem to be safe to conclude that although 
all tests in the battery possess certain variance in common. the 
three science reasoning tests are measuring something that is dif-
ferent from what the other tests are measuring. The inter-
correlations between the three science reasoning tests indicate 
independent variance in each. 
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TABLE 13. CORRELATION TABLE FOR CHECKING VALIDITY 
OF SCIENCE REASONING TESTS USINGNATICKSAMPLE. 
Test (2) (3) ( 4) (5) ( 6) (7) (8) (9) 
(1) Otis (RS) Boys • 36 • 24 • 61 . 62 • 65 . 67 • 81 • 65 
Girls • 43 • 16 .51 • 65 .55 .59 .72 .64 
(2) Sci. Rsn. I Boys . 28 .40 . 39 • 47 .50 • 40 .40 
Girls .09 • 48 . 43 .56 .56 .40 .32 
(3) Sci. Rsn. n Boys .53 . 25 . 31 • 31 . 37 • 24 
Girls . 20 . 28 .15 .11 .17 .22 
(4) Sci. Rsn. m Boys .54 • 66 • 64 .64 .51 
Girls .58 .53 .63 .54 • 49 
(5) STEP Boys .73 • 62 . 66 . 47 
Girls • 57 • 60 • 65 • 55 
(6) Sci. Info. Boys .79 .72 .59 
Girls • 82 .53 • 45 
(7) Sci. Vocab. Boys . 67 .56 
Girls .54 • 41 
(8} Reading Boys • 61 
Girls .64 
(9) Arith. Boys 
Girls 
Some doubt might be raised regarding the correlations obtained 
using Science Reasoning Test I. Since there is some doubt as to the 
reliability of this test(. 60 estimated reliability), doubt could also be 
raised regarding the accuracy of the correlation co-efficients made with 
this test. 
An inter-correlation was also made using a random sample 
of 500 drawn from the total experimental group. The Table 14 shows 
the comparison between the more important tests. 
TABLE 14. COMPARISON OF NATICK CORRELATIONS WITH 
RANDOM SAMPLE CORRELATIONS OF 
EXPERIMENTAL GROUP. 
Tests Correlated Natick (r} 500 Sample (r) 
Beta X Sci. Rsn. I • 36 .56 
Beta X Sci. Rsn. II • 24 • 23 
Beta X Sci. Rsn. III • 61 • 60 
Sci. Info. X Sci. Rsn. I . 47 . 61 
Sci. Info. X Sci. Rsn. II • 31 . 22 
Sci. Info. X Sci. Rsn. ill • 65 .56 
STEP X Sci. Rsn. I • 39 • 59 
STEP X Sci. Rsn. ll • 25 • 27 
STEP X Sci. Rsn. ill .54 .55 
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Most of the differences between the Natick co-efficient and 
the 500 sample co-efficient are not large enough to reach the • 05 
level of significance. The differences noted between co-efficients 
obtained by using the Step Test and Science Reasoning 1 is significant 
at the • 05 level when checked by a two tail "z" transformation test. 
Large differences are also noted in all correlations using the Science 
Reasoning I test. These differences are probably caused by the fact 
that the variance on the Science Reasoning I test for the Natick group 
{SD 4. 79) was considerably smaller than the variances for the random 
'-
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sample of 500 (SD 5. 27). This is undoubtedly related to the fact that 
compression is taking place in the higher scores on the test a factor 
which is also related to the lower reliability of this test. The Table 
15 reports the comparison of the Natick sample and the 500 random 
sample as regards to the mean and standard deviation of the Science 
Reasoning I test. A complete report of the correlations made with 
the 500 random sample can be found in Table 16. 
TABLE 15. COMPARlSON OF NATICK WITH 500 RANDOM 
SAMPLE ON BASIS OF SCIENCE REASONING TEST I. 
Group 
Natick 
500 Sample 
Mean 
23.91 
21.76 
SD 
4.79 
5. 27 
TABLE 16. INTER-CORRELATION USING RANDOM SAMPLE (500) 
OF TOTAL EXPERIMENTAL POPULATION 
WITH COMPLETE DATA. 
Test (2) (3) (4) (5) ( 6) (7) (8) 
1} Otis Beta (RS) .93 • 63 .64 .56 • 23 • 60 • 71 
2} Otis Beta IQ .58 .59 .53 • 21 .55 . 65 
3) Science Info. .73 .55 . 19 .57 . 67 
4} Science Vocab. . 61 . 22 .56 • 68 
5) Sci. Rsn. I .18 . 43 • 59 
6) Sci. Rsn. II • 32 . 27 
7) Sci. Rsn. m . 55 
s·> STEP 
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The possible correlation between the Science Reasoning Tests 
and other tests was checked by using the difference scores, found by 
subtracting the mean of the pre-test from the mean of the post-test. 
In this case the difference scores for the entire population of the 
experiment were used, experimental groups plus the control. Be-
cause there was certain other data on the IBM cards four classes were 
lost for lack of complete data, thus theN for the correlation became 
86 instead of the total of 90. Correlations were made separately for 
boys and girls. 
TABLE 17. CORRELATION OF MEAN GAIN SCORES BY CLASSROOMS. 
(I) 
(2) 
( 3} 
(4) 
(5) 
(6) 
Test Sex (2) (3) (4) (5} 
Otis Beta IQ Boys .09 .18 . 24 .24 
Girls .08 .09 . 19 .12 
Sci. Rsn. I Boys . 15 . 10 . 64 
Girls . 21 . 20 . 61 
Sci. Rsn. II Boys .08 • 15 
Girls . 15 .22 
Sci. Rsn. m Boys • 83 
Girls • 90 
I plus ill Boys 
Girls 
Sci. lnfo. 
r must reach . 22 for significance at • OS level. 
r must reach • 28 for significance at. 01 level. 
( 6} 
.23 
.12 
• 20 
. 18 
.14 
. 0 3 
. 36 
• 20 
. 40 
.24 
Table 17 reports all of the possible correlations between the 
difference scores in the Science Reasoning Tests l, 11, and ill, the 
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Science Information Test, and the mean IQ of the class. With a total 
possibility of thirty correlations, fifteen for boys and fifteen for girls, 
only eleven were high enough to be considered significantly different 
from zero. Of these eleven, four were correlations of part scores 
with a total scores, a correlation which is almost always high. Only 
two were high enough to reach the • 01 level of significance. The 
complete set of correlations is reported in Table 17. The Table 18 
reports those correlations which were high enough to reach a level of 
significance. 
TABLE 18. MEAN GAIN CORRELATIONS WHICH REACHED 
LEVEL OF SIGNIFICANCE. 
Tests r Sex 
IQ X SRIII 0 24 (boys) 
IQ xSRI +ill 0 24 (boys) 
IQ x Sci. Info. . 23 (boys) 
SRUxSRl +III • 22 (girls) 
Sci. Info. X SRI+ III 0 24 (girls) 
Sci. Info. X SRI+ III .40 (boys) 
Sci. Info. X SRIII 0 36 (boys) 
Of some interest in this set of correlations is the correlation 
between Sci. Info. and SRIII (also with SRI plus SR III). This 
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correlation for the bo¥s of . 36 would seem to indicate that increases 
in science reasoning ill were related to increases in science infor-
mation .. 
Because of large errors which are inherent in using difference 
scores, it is quite possible that this correlation is lower than the 11true" 
correlation. Even if this is so~ the correlation would still be relatively 
low. lt,therefore,seems safe judging from these correlations to assume 
that the science reasoning test is measuring something other than in-
telligence or knowledge. 
While there are some marked differences in the correlation 
co-efficient for boys and girls on certain tests (i.e., Science Reason-
ing m correlated with Science Informati Ont Boys (. 36) Girls (. 20) 
a "z" transformation test of the differences revealed that the difference 
is too small to reach an acceptable level of significance. 
A separate study was made of Science Reasoning 1 to deter-
mine to what extent the scores were being effected by the lack of 
information. In construction of the test,care was taken to eliminate 
as much as possible the influence of information in the subject's score 
on the test. After the completion of the experimentation, it was decided 
to check a group of subjects to see if the test was measuring infor-
mation recall or reasoning. A special test was constructed in which 
ll8 
the reasoning items were re-worded so as to make them recall items. 
For example Item nu:mber 16 appeared thus in the reasoning testl 
16) Which one of the following does not belong in the group? 
a) Tiger b) Jackal c) Lion d) Deer e) Wolf 
In the recall test this appeared as three separate items. 
16) An animal that eats grass is the 
----
a) Tiger b) Jackal c) Lion d) Deer e) Wolf 
46) Animals that eat other animals: 
a) Elk b) Jackal c} Lion d) Deer e) Cow 
69) Animals that eat other animals: 
a) Tiger b} Cow c) Beaver d) Deer e) Wolf 
The three items had five possible right answers and required 
the subject to reveal his knowledge about each of the possible choicefi; 
in the original reasoning test item. 
The test was administered approximately two weeks after 
the administration of the scientific reasoning test. It was administered 
to the same level classes from the community of Natick that were used 
in the correlation study. A random sample of 100 was chosen from the 
141 subjects. 
The tests were scored by two different methods. One score 
was derived by giving one point when all five correct responses were 
made for each item, one incorrect response and the entire item was 
----t 
·~ 
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considered wrong. By this method of scoring it was possible to 
receive a total score of 27 points. The other method of scoring 
involved giving each correct response one point thus making it pos-
sible to have a score of 135 points. This score was then divided by 
five in order to arrive at a score that could be equated more easily 
with the scores on the science reasoning test. These scores were 
rounded off to the nearest whole point in order to eliminate decimals. 
The Figure 1 indicates graphically how these scores compare with 
scores on the reasoning test. 
The solid black line indicates the distribution on the Science 
Reasoning Test. The dotted line indic.ates the distribution of the 
scores. on the recall test using the "all or none" method of scoring. 
The dashed line indicates the distribution of scores on the recall test 
using the "partial" method of scoring. 
The graph clearly indicates that the hundred subjects knew a 
great deal more about the animals and plants in the reasoning items 
than would be indicated by the scores on the reasoning test. The mean 
on the recall test scored by the "partial" method is much higher and 
the scores pile up at the high end indicating that most of the subjects 
had the information necessary to solve the reasoning items. The fact 
that these individuals did not score as well on the reasoning test is 
indication that the scores on the reasoning test were not being overly 
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influenced by the lack of information. While the scores on the recall 
test using ~e "all or none" method of scoring have about the same 
distribution, the correlation between the reasoning score and the 
"all or none" score was • 35. This low correlation between the 
reasoning test and the recall test would seem to indicate that while 
the two tests had similar means they were apparently not measuring the 
same thing. Naturally some doubt can be raised regarding this con-
elusion since the reliability of the Science Reasoning Test I is quite 
low, approximately • 28 to . 6!i depending upon the method used for 
estimating reliability. This is somewhat compensated for in the high 
reliability of the Recall Test. The Recall Test was estimated to have 
a reliability of . 94 by using the Kuder-Richardson "footrule" formula. 
After the correlation between the reasoning test and the recall test has 
been corrected for attenuation it can be estimated that the correlation 
lies somewhere between • 46 and . 70. The first estimate was made by 
using a reliability co-efficient of . 64 for the reasoning test and the 
second estimate was made by using • 28 for the reliability of the reason-
ing test. Correction for attenuation was made by using the following 
1 
formula: 
r 
xy 
r 
r r 
XX yy 
1 McNemar, Quinn. Psychological Statistics p 160 
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A further check on the validity of the Science Reasoning 
Test I was made by comparing the upper and lower 27% of the subjects 
on their responses to items in the recall and reasoning tests. The 
left half of Table 19 lists the frequency count of the reasoning res-
ponses made by subjects who answered all recall questions for that 
item correctly. For example take item #4 from the table. In the 
original sample there was a total of 54 subjects, 27 who made high 
scores on the reasoning test and 27 who made low scores on the 
reasoning test. The frequencies indicated after item #4 total to 49. 
This indicates that of the 54 subjects 49 made the correct response 
to all recall questions related to item #4. It also means that 5 sub-
jects made one or more incorrect responses to the recall questions 
(each reasoning item involved five recall items). The frequencies of 
those making one or more errors can be found in the right half of 
Table 19. 
If the reasoning item were measuring nothing but reasoning 
we would expect that the correct responses on recall would be equally 
distributed between the upper and lower 27%. On item #4 we find that 
this is true; there are 25 in the upper group and 24 in the lower group. 
If the item were perfect at making a discrimination between those who 
can reason and those who cannot, we would expect that most of the 
upper 27% would get the item right on the reasoning test and most of 
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TABLE 19. FREQUENCY OF RIGHT AND WRONG RESPONSES ON 
SCIENCE REASONING I AS MADE BY TOP 27 PERCENT 
AND BOTTOM 27 PERCENT OF SUBJECTS IN RELATION-
SHIP TO ERRORS ON ITEM IN THE RECALL TEST. 
Item 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Total 
Made Correct Recall One or More Errors on Recall 
27o/o Hi 27% Low Chi 27% Hi 
Reasoning Reasoning Sq Reason~ng 
R w R w R 
24 1 15 9 6.52 2 
17 1 6 2 .40 8 
24 1 16 9 6.12 2 
10 1 3 0 15 
25 1 14 7 5.22 0 
20 0 14 4 I. 71 6 
24 2 16 3 1 
20 4 19 5 2 
22 0 13 5 5 
25 1 13 5 1 
22 1 14 1 4 
23 0 11 2 4 
16 3 7 4 3. 34 1 
19 3 10 7 2.57 5 
24 2 10 8 6.22 0 
23 2 14 8 3. 78 2 
19 2 3 8 10.64 4 
18 2 1 10 16.52 5 
6 3 0 2 11 
18 6 6 16 8. 65 3 
19 4 7 12 7. 40 1 
9 8 3 3 7 
12 8 2 8 2.83 6 
2 16 2 9 0 
14 4 12 8 I. 61 8 
15 9 3 9 3. 12 2 
20 4 13 8 I. 65 1 
490 89 247 172. 106 
Chi Square 3. 84 equals P • 05 
Chi Square 6. 64 equals P • 01 
Chi Square 10. 83 equals P • 001 
w 
0 
1 
0 
1 
1 
1 
0 
0 
0 
0 
0 
1 
7 
0 
0 
0 
2 
1 
8 
0 
3 
3 
1 
9 
0 
2 
2 
43 
27% Low Chi 
Reasoning Sq 
R w 
3 0 
17 2 
0 3 
14 10 4. 39 
5 1 
7 1 
6 2 
2 1 
7 1 
5 4 
8 4 
11 3 
6 10 
5 5 
0 9 
2 3 
8 10 
2 13 
6 23 5. 42 
0 5 
2 6 
6 15 3.22 
2 15 8.86 
1 15 
2 5 
3 12 
4 2 
134 180 
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the lower 27% would get the item wrong. Table 19 indicates that 
almost all of the upper group did made a correct response, 24 rights 
and 1 wrong. The table also indicates that within the lower group 15 
were right and 9 wrong. If the item were a total failure at measuring 
reason we would expect the lower 27% to have a distribution between 
rights and wrong similar to that found in the high group. The degree 
of discrepancy between the distribution in the· high group and the low 
group is the degree to which the item. would appear to be measuring 
reason as it differs from straight recall. 
Expressed in percentages, item 114 was missed by only 4% of 
those who made a perfect recall response in the high group, but it was 
missed by about 36% of those who made a perfect recall response in the 
lower group. Since there is the possibility that this distribution could 
have occured by chance it is necessary to check the relationship for 
statistical significance. This can be accomplished by placing the dis-
tribution in a fourfold contingency table. 
TABLE 20. FOURFOLD TABLE SHOWING DISTRlBUTION OF 
REASONING RESPONSES MADE BY SUBJECTS WHO 
MADE CORRECT RESPONSES ON RECALL ITEM. 
27% High 27% Low 
Right 24 IS 
Wrong 1 . 9 
N (49) Chi Square 10.00 
p 
.01 
125 
The chi square of this distribution indicates that it could 
occur by chance less than 1 time in a hundred, thus it can be concluded 
that the distribution is not a chance relationship. It is assumed that the 
non-chance factor operating is probably reasoning ability. The chi 
square for each item is noted in Table 19. 
A similar analysis can. be made of the test as a whole~ There 
were 998 fully correct responses made to the recall items. If the test 
were measuring reason, as separate from recall, we would expect these 
998 correct recall responses would be distributed equally between the 
upper 27~ and the lower 27~ a.s measured by the reasoning test. How-
ever, 579 of the responses are in. the high group and only 419 are in the 
low group. Since this difference is greater than would be expected by 
chan-ce it must be concluded that the te•t as a whole is measuring recall 
as well as reasoning. While the difference is statistically significant, 
the difference is fairly small. The distribution in either of the groups 
is 84% of what it should be if the frequencies were equally distributed. 
If the test as a whole were not measuring reason, we would 
expect the distribution of rights and wrongs on the reasoning items to 
be about the same in the two groups. However, only 15'fe (89) of the 
responses in the high group were wrong while 41% (172) of the low group 
made incorrect responses on the reasoning test. The data are pre-
sented in Table 21. 
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TABLE 21. TOTAL DISTRIBUTION OF RESPONSES ON SCIENCE 
REASONING TEST I MADE BY INDIVIDUALS RESPOND-
ING CORRECTLY TO RECALL ITEMS. 
27% High 27% Low 
Right 490 247 
Wrong 89 172 
Total 579 419 
Chi Square 81. 77 
Chi Square of 10.83 need forpof. 001 
Since the distribution in Table 21 results in a chi square of 
81.77 when a chi square of 10.83 is needed for a P of . 001, it must 
be concluded that the distribution was not brought about by chance. 
Again it is assumed that the non-chance factor operating is probably 
reasoning ability. 
'l'his conclusion can be checked further by analyzing three 
other related distributions: 1) distributions of reasoning responses 
made by subjects making one or more errors on the recall item, 2) 
subjects making only one error on the recall item and 3) subjects 
making more than one error on the recall item. 
-· 
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TABLE 22. DISTRIBUTION OF RESPONSES ON SCIENCE REASONING 
TEST I MADE BY SUBJECTS MAKING ONE OR MORE 
ERRORS ON RECALL ITEM. 
27% High 27o/o Low 
Right 106 134 
Wrong 43 180 
Total 149 314 
Chi Square 31. 7 3 
Chi Square of 10.83 needed for p of. 001 
The greater total frequency noted in the lower group in Table 
22 substantiates the original conclusion that the test is measuring, in 
part, straight recall. However, the distribution of right and wrong 
responses within the lower and upper groups indicates that those in 
the upper group were less affected by the lack of information as 
measured in the recall item. Although all responses contained more 
than one error in the recall item, those in the high group were able 
to make a greater percentage of correct responses on the reasoning 
test. This distribution is well above the probability of chance as can 
be seen by a chi square of 31.73 when a chi square of 10.83 is needed 
for a P of • 0 0 1. 
TABLE 23. DISTRIBUTION OF RESPONSES ON SCIENCE 
REASONING TEST I MADE BY SUBJECTS 
MAKING ONLY ONE ERROR ON 
RECALL ITEM. 
27% High 27% Low 
Right 65 86 
Wrong 31 93 
Total 96 179 
Chi Square 10.51 
Chi Square of 10.83 needed for a p of. 001 
TABLE 24. DISTRIBUTION OF RESPONSES ON SCIENCE 
REASONING TEST I MADE BY SUBJECTS 
MAKING MORE THAN ONE ERROR 
ON RECALL ITEM. 
27o/e High 27% Low 
Right 41 58 
Wrong 12 81 
Total 53 139 
Chi Square 20. 20 
Chi Square of 10.83 needed for a p of. 001 
Tables 23 and 24 further support the conclusions stated 
earlier and indicate not only that the test is probably measuring 
reasoning ability, but also that good reasoners are more capable of 
bridging the gaps caused by failure to make information recalls. 
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While the above analysis indicates that at least eighteen of 
the items in the test have high validity, it does not say anything about 
the discrimination ability of the item. In order for a test to achieve 
reliability it must have items that are capable of separating the in-
dividuals being tested. Table 25 reports the item difficulty and phi 
co-efficient for each of the items in the test. Two of the items that 
indicated validity, items (11) and (27), have no discrimination ability 
at all, and four of the items, (8) (25) (28) (3), had phi co-efficients 
of . 30 or below. This would mean that only twelve of the eighteen 
valid items contributing the major measuring power of the test. The 
above analysis which reduces the number of effective items to a 
minimum of 12 and a maximum of 16 makes the use of the test highly 
questionable. In part, the analysis explains the low reliability of the 
test. 
In making any interpretation of the above analysis it should 
be kept in mind that the analysis was made on the test results of 100 
selected subjects who were restricted in age range and members of 
a single community and were thus more homogeneous than the total 
population of the experiment. It should also be kept in mind that the 
mean raw score on the Otis Beta for the selected group was 3. 01 
points higher than the mean for the total experimental population. 
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TABLE 25.- ITEM ANALYSIS OF SCIENCE REASONING TEST I 
Item No. Right Level of o/o Right 
High Low Difficulty High Low (/) 
4 ~6 18 .81 96 66 . 40 
5 25 23 • 89 92 86 . 20 
6 26 16 .78 96 58 • 45 
7 25 17 .78 92 64 • 31 
8 25 19 • 81 92 70 . 29 
9 26 21 • 87 96 78 • 29 
10 25 22 .91 92 82 • 15 
11 21 21 .78 76 76 .oo 
12 27 20 • 87 100 74 . 40 
13 26 18 • 81 96 66 • 39 
14 26 22 • 89 96 82 • 21 
15 26 22 • 89 96 82 • 21 
16 17 13 .56 62 48 . 12 
17 24 15 .72 88 56 • 35 
18 25 10 • 65 92 26 .58 
19 25 16 .76 92 58 . 40 
20 23 11 • 62 86 40 . 48 
21 24 3 .so 88 10 .79 
22 17 6 • 43 62 22 . 40 
23 21 6 .so 76 22 .55 
24 20 9 .54 74 34 . 40 
25 16 9: • 46 60 34 . 25 
26 18 4 • 41 66 14 .52 
27 2 3 .09 - - .00 
28 22 14 • 67 82 52 • 30 
29 17 6 • 43 62 22 .40 
30 21 17 .70 76 64 . 12 
N 54 
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While this analysis indicates that it is possible to construct 
a valid reasoning test of this type, it also indicates the major dif-
ficulties of doing so. A total of 69 items were written during the 
construction of the test, 10 items were written and added to the test, 
a total of 79 items. Of these 79 items only 12 proved in the end to be 
useful, or a loss ratio of 5:1. This rate held true for the additional 
ten items which did not receive pre-experimental analysis. Of the 
ten items only 2 proved to be useful with an additional questionable 
item. 
All indications are that this could be a good test. However, 
it would have to have an increase in the total number of items, a 
minimum of about SO. Each of these items would have to be carefully 
screened for validity and for discrimination ability. In order to 
accomplish this it would be necessary to write at least 200 items. 
SUMMARY 
Judging from the analysis it seems safe to conclude that the 
three reasoning tests are measuring something that is unique to each 
of the tests. Whether or not this something is scientific reasoning 
depends upon how much one accepts the basis on which the three tests 
were constructed. It further aepends upon whether or not there are 
methods other than those discussed which could lead to a solution of 
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the problems. Considerable doubt can be raised regarding Science 
Reasoning I test because of its low reliability which is related to the 
small number of items which are effective in making the measurement. 
""'------
CHAPTER VII 
EXPERIMENTAL DATA 
Analysis of Experimental Clas-~s Using Pre-Test Data. 
An analysis of the experimental classes by cubicle (3 classes to a 
cubicle) indicated that there were no significant initial differences 
between cubicles in respect to age, Beta Score, IQ, Science Reason-
ing I, Science Reasoning III, Science Infonnation, Science Interest, 
and the STEP Test. There was, however, a significant difference 
among cubicles in respect to scores on Science Reasoning II. The 
observed difference was significant at the • OS level. (See Appendix A 
for detailed data.) 
Comparison of Experimental and Control Groups Using 
Pre-Test Data. An analysis of the differences between the experi-
mental group and the control group indicated that the differences were 
not significant in respect to age, Beta Score, IQ, Science Interest, 
Science Reasoning I and Science Reasoning II. There were significant 
differences between experimental and control groups as to Science 
Information, Science Reasoning II, and the STEP test. The differences 
were all significant at the 0. OS level. Detailed data are presented in 
Table 26. 
The above analysis was made by using the mean pre-test 
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TABLE 26. COMPARISON OF EXPERIMENTAL AND CONTROL 
GROUPS USING PRE-TEST DATA. 
Experimental Control Analysis of 
N 72 N 18 Variances 
F 
Variable Mean SD Mean SD df 1/88 
Age 1 7.97 2. 03 8. 39 1. 56 • 68 
Beta Score 34.85 5.01 32.72 3. 98 2. 75 
Otis IQ 108. 31 5. 30 105.78 4.39 3.42 
Science 
Information 14.54 4.59 12.00 3. 62 4. 65 * 
Science Reasoning 
Test I 21.65 2.05 20.79 1. 69 2. 64 
Science Reasoning 
Test ll 15.50 4.65 12.98 3. 30 4. 60 * 
Science Reasoning 
Test ill 22.50 2.95 21.06 2.34 3.64 
STEP Test 36.70 4.50 34.16 4.86 4. 34 * 
* significant at. the . 05 level. 
1 Age in number of months older than 10 years 0 months. 
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scores for the total class. A further analysis using boys' and girls 1 
scores separately revealed that there was a significant difference 
between the boys in the experimental group and the boys in the 
control group in regards to IQ. This difference was significant at 
the 0. 05 level. The difference between the girls' scores in these 
two groups did not reach a significant level. The data are presented 
in Tables 27, 28 and 29. 
While the above indicated initial differences are small they 
do need to be taken into consideration in any interpretation of the 
experimental results. All of these differences favor the experimental 
group over the control group. 
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TABLE 27. COMPARISON OF EXPERIMENTAL GROUP AND 
CONTROL GROUP ON IQ AS MEASURED BY OTIS BETA. 
GROUP N Mean SD 
EXPERIMENTAL Boys 72 107.9 6.01 
Girls 72 109.7 5.16 
Total 72 108. 3 5. 30 
CONTROL Boys 18 104.5 4. 61 
Girls 18 108. 6 ND 
Total 18 105.78 4. 39 
COMBINED 90 107.80 5.23 
TABLE 28. ANALYSIS OF VARIANCES: EXPERIMENTAL GROUP 
YS CONTROL GROUP ON IQ USING TOTAL SCORES. 
SOURCE Sum of Squares DF Mean Square F 
Among 92.0 1 92.0 3. 42 
Within 2368.4 88 26.9 
Total 2460.4 89 
TABLE 29. ANALYSIS OF VARIANCES: EXPERIMENTAL GROUP 
VS CONTROL GROUP ON IQ USING BOYS' SCORES. 
SOURCE Sum of Squares DF Mean Square F 
Among 169.47 1 169. 47 5.01 * 
Within 2987. 15 88 33.94 
Total 3156.62 89 
* Significance at the • 05 level. 
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Analysis of Experimental Results. The basic raw score 
unit used for analytical purposes was the class mean difference score. 
This score was determined by subtracting the class mean on the pre-
test from the class mean on the post-test. These difference scores 
were determined for the total class (boys plus girls) and for boys and 
girls separately. 
Experimental vs. Control. An analysis of variances 
indicated the difference between the experimental group and the 
control group were significant. on the following variables: 
Science Information ( .• 005 level) and Science Reasoning I (. 05 level). 
The differences in the gains between the two groups in Science Reason-
ing II, Science Reasoning-ill, and the STEP test did not reach a level 
of significance. When the boys' and girls' scores were analyzed 
separately the differences in Science Information(. 005 level) and 
Science Reasoning I (. 05 level) were significant for the boys but only 
the difference in Science Information was significant for the girls. All 
of these differences favor the experimental group over the control 
group. The details on data are reported in Table 36. 
Analysis of Experimental Variables. A four way analysis of 
variances of the gains made within the experimental group by the 
total dass-(boys plus girls) indicated that the differences found in 
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the main effects and the two-way interactions did not reach a level 
of significance. The de.~ils on this data are reported in Appendix B. 
The only significant gain occured in Science Reasoning ill in a three-
way interaction between teacher training, nature of project assign-
ment and method of television presentation. The differences in this 
three-way interaction were also significant when boys and girls were 
considered separately. These differences were significant at the 
• 05 level. The details are reported in Tables 71, 7 2 and 7 3. 
The four-way analysis of boys' and girls' scores separately 
revealed a significant difference for the girls on Science Reasoning 
I (Table 65). This difference which was at the • 05 level of significance 
was found in the four-way interaction. A similar significant difference 
was found for the girls on Science Reasoning II (Table 69). This 
difference which was also significant at the • 05 level was found in 
the three-way interaction involving study guide, nature of project 
assignment and teacher training. 
Analysis of Significant Differences Between Experimental 
And Control Groups. In order to obtain a clearer picture of the 
significant differences found in the experimental results it is 
necessary to analyze the differences in detail. Since there were 
• 
certain differences noted in the analysis of the pre-test scores, it 
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may be possible to explain the differences found in the experimental 
results on the basis of these initial group differences. The following 
section makes a detailed analysis of the differences in experimental 
gains between the experimental group and the control group. 
TABLE 30. COMPARISON OF MEAN GAINS MADE BY 
EXPERIMENTAL GROUP AND CONTROL 
GROUP ON SCIENCE REASONING TEST I. 
Experimental Control 
GROUP N 72 N 18 DIFFERENCE 
BOYS Mean 2. 38 1. 26 1.12 * 
SD 1..86 1. 57 
GIRLS Mean 2. 74 2. 47 • 27 
SD 1. 46 1. 47 
TOTAL Mean 2. 531 1.79 . 74 * 
SD 1. 30 1. 05 
A simple analysis of variances indicates that only two of 
the differences shown in Table 30 can be considered significant at the 
• 05 level. The experimental group, total mean gain, is significantly 
greater than the control group total mean gain. Also the boys' 
experimental group scored significantly higher than the boys' control 
group. This analysis indicates that the difference between the 
experimental group and the control group is due for the most part 
to the boys. Complete data on the analysis of variances can be 
found in Table 36. 
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TABLE 31. COMPARISON OF MEAN GAINS MADE BY 
EXPERIMENTAL GROUP AND CONTROL 
GROUP ON SCIENCE REASONING TEST II. 
I 
GROUP Experimental Control 
N 72 N 18 
BOYS Mean 3.28 3.29 
SD 4.39 1. 91 
GIRLS Mean 3.97 3.62 
SD 5.30 3.64 
TOTAL Mean 3. 76 3.41 
SD 4.37 2.13 
Difference 
.01 
• 35 
. 35 
A. simple analysis of variances indicated that none of the 
differences shown in Table 31 are large enough to be considered 
significant. For detailed information on the analysis see Table 36. 
TABLE 32. COMPARISON OF MEAN GAINS MADE BY 
EXPERIMENTAL GROUP AND CONTROL 
GROUP ON SCIENCE REASONING TEST ill. 
GROUP Experimental Control 
N 72 N 18 
BOYS Mean 3.33 2.00 
SD 2.67 1. 75 
GIRLS Mean 3.22 2.32 
SD 2.67 2.17 
TOTAL Mean 3.19 2.23 
SD 2.19 1. 51 
Differenc 
1. 33 
• 90 
. 96 
e 
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A simple analysis of variances indicated that none of the 
differences shown in Table 32 were large enough to be significant. 
The largest F value was found in analyzing the variances between 
Experimental Boys and Control Boys (F 3. 92}. An F value of 3. 95 
was needed for significance at the 0. 05 level. 
See Table 36 for details regarding the analysis of variances. 
TABLE 33. COMPARISON OF .MEAN GAINS MADE BY 
EXPERIMENTAL GROVP AND CONTROL 
GROUP ON THE STEP TEST. 
GROUP Experimental ContTol 
N 72 N 18 
BOYS Mean 4.36 3. 61 
SD 3. 11 5.55 
GIRLS Mean 4.71 4.33 
SD 2.60 5.09 
TOTAL Mean 4.52 4.06 
SD 2.37 4.98 
Difference 
• 75 
. 38 
.46 
A simple analysis of variances indicated that the differences 
shown in Table 33 are not large enough to be considered significant. 
See Table 36 for details regarding the analysis. 
/ 
TABLE 34. COMPARISON OF MEAN GAINS MADE BY 
EXPERIMENTAL GROUP AND CONTROL 
GROUP ON ALL REASONING TESTS. 
Test Experimental Control Difference 
Sci. Rsn. I Mean 2.53 I. 79 . 74 * 
SD 1.30 I. 05 
Sci. Rsn. ll Mean 3.76 3. 41 . 35 
SD 4.37 2.13 
Sci. Rsn. m Mean 3.19 2,23 . 96 
SD 2.19 1. 51 
STEP Test Mean 4.52 4.06 • 46 
SD 2.37 4.98 
*Significant at . 05 level. 
While all of the differences shown in Table 34 indicate a 
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slight superiority of the experimental group over the control group 
considerable care should be taken in making any interpretation of 
this data. The greater share of these differences is contributed by 
the boys' scores on all tests except Science Reasoning ll. Since 
there is a relatively high correlation between IQ and the three 
reasoning tests which indicated superiority of the experimental 
group over the control group, and since the boys in the experimental 
group have a significantly higher mean IQ, it seems only logical that 
the observed differences found in the boys' scores is probably due 
/ 
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to the IQ difference. This argum.ent is further supported by the fact 
that there is only an . 01 difference between the experimental gain 
and the control gain as measured on Science Reasoning II test using 
boys' scores only, a difference which favors the control group. Of 
importance here is the fact that the Science Reasoning II test has the 
lowest correlation with intelligence. A study of Table 35 reveals 
the relationship quite clearly. 
TARLE 35. CORRELATION BETWEEN IQ AND THE FOUR 
MEASUREMENTS OF SCIENCE REASONING. 
Test Experimental Control Boys' Mean 
r r Diff. Score 
Sci. Rsn. I .53 .55 1. lZ 
Sci. Rs:o. II .21 . 32 • 01 
Sci. Rsn. ill .55 .52 1. 33 
STEP Test . 65 . 63 . 46 
1.44 
TABLE 36. COMPARISON OF EXPERIMENTAL AND CONTROL 
GROUPS USING MEAN GAIN SCORES. 
Experimental Control 
N 72 N 18 
Variable 
Mean SD Mean 
Sci. Combined 12.62 5.74 6.42 
Info. Boys 12.50 6.28 6.40 
Girls 12.79 5.72 6.54 
Sci. R sn. Combined 2.53 1. 30 1. 79 
I Boys 2.38 1. 86 1. 26 
Girls 2.74 1.46 2.47 
Sci. Rsn. Combined 3.76 4.37 3.41 
u Boys 3. 28 4.39 3.29 
Girls 3.97 5.30 3.62 
Sci. R sn. Combined 3.19 2.19 2.23 
m Boys 3.33 2.67 2.00 
Girls 3.22 2.67 2.32 
Sci. Rsn. Combined. .. .... .. . . . . ... 
I+ID Boys 5.77 3.41 3.44 
Girls 6.03 3 .. 21 4.87 
STEP Combined 4.52 2.37 4.06 
Boys 4.36 3. 11 3.62 
Girls 4.71 2.60 4.33 
* Significant at the . 05 level. 
** Significant at the . 01 level. 
*** Significant at the . 001 level. 
SD 
2.22 
3.15 
2.86 
1.05 
1. 57 
1. 47 
2.13 
1. 91 
3.64 
1. 51 
1. 75 
2.17 
. ... 
2.09 
3.36 
4.98 
5.55 
5.03 
Analysis 
of 
Variances 
F 
df 1/88 
19.76 *** 
15.63 *** 
19.73 *** 
4. 80 * 
5.43 * 
.47 
• 11 
. 07 
• 00 
3.03 
3.92 
1. 72 
. ..... 
7. 16 ** 
1. 70 
. 31 
. 57 
. 19 
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Analysis of Significant Differences Within Experimental Design. 
Since none of the differences between the main experim·ental 
variables Wlfitl!J:: great enough to reach an acceptable level of signifi-
cance and since the significant 11 F 1 s" were found only in the three -
way and four-way interactions, there is little need to analyze the 
results in detail. Statistical theory would lead us to suspect that 
the small number of significant 11 F 1 s" could be obtained by chance 
alone, 
Analysis of Results in STEP Test. 
The experimental results as measured by the STEP test 
indicated that there was significant change from pre -test to post-
test scores in both the experimental and the control groups. 
However, there was no significant difference indicated between 
the experimental and the control, nor was there any indication of 
significant changes among the groups in the experimental design. 
In an analysis of variances on mean difference scores for girls, 
boys and total, all differences were found to be not significant. 
The test did indicate that both the control and the experimen-
tal groups advanced from pre-test to post-test by approximately 
the nw:nber of points that would be expected on the basis of the 
national norms of the test. An approximation of the expected 
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change can be made by using the mean scores quoted by the publisher. 
Unfortunately the publisher's mean score is the mean of the corrected 
scores. In order to compare them with the means obtained in this 
experiment it is necessary to translate the mean corrected score 
back to the raw score scale. Such a translation is not too accurate 
since the publisher requires that the scores be adjusted when they 
are changed from raw score to corrected scores. It is probably 
safe, however, to make the translation for purposes of approximation. 
The publisher indicates 251 as a national norm mean score for the 
fifth grade tested in the fall and a mean of 254 as a mean score for 
the sixth grade measured in the fall.1 By rough translation these 
scores would become 33 for the fifth grade and 36 for the sixth 
grade, indicating a mean gain of 3 raw score points. The difference 
found between the mean of the fall testing and the mean of the spring 
testing of the fifth grade classes in this experiment was 4. 4. A 
comparison of the scores is made in Table 37. 
1 Cooperative Sequential Tests for Educational Progress, Manual 
for Interpreting Scores, Science. Catalog No. 600-00-7. 
Princeton, New Jersey: Educational Testing Service, 1957 c. 
page 24. 
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TABLE 37. A COMPARISON OF EXPERIMENTAL RESULTS WITH 
PUBLISHER 1S NATIONAL NORMS ON THE STEP TEST. 
Publisher's Norm 
Experimental Results 
5th Grade 
(Fall) 
33 
5th Grade 
(Fall) 
36.2 
6th Grade 
(Fall) 
36 
6th Grade 
(Fall) 
40.6 
The 1. 4 point superiority of the experimental results 
over the Publisher's Norm can be explained on the basis of the 
crude technique used in translating to raw scores. 
Analysis of the Effect of Intelligence on Experim.erim.ental Results. 
In order to check the possible relationships between mean 
gain scores and intelligence, a random sam.ple of 500 was drawn 
from the experimental group. This sam.ple was then divided into 
quartUes using the otis Beta IQ scores. The resulting four groups 
were compared using both pre-test and post-test scores on each 
subject in the sample. 
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An analysis of variances revealed that there were significant 
differences between groups, between trials and between subjects on 
scores made on the Science Information Test, the Science Reasoning 
Test I, Science Reasoning Test ll and Science Reasoning Test Ill. 
All of the differences were significant at the . 005 level. Two tests, 
the Science Information and the Science Reasoning II, indicated 
significant differences brought about by an interaction between 
groups and trials. The differences in Science Information were 
significant at the • 005 level and the differences in Science Reason-
ing n were &Jignificant at the . 05 level. 
An inspection of the differences in mean gain brought about 
by the interaction, Table 38, indicates that there was a direct 
relationship between intelligence and scores on the Science Infor-
mation Test with the exception of quartile groups ill and IV. 
Science Reasoning II was direcUy related except for quartile 
groups II and III. 
TABLE 38. A COMPARlSON IQ QUARTILES ON MEAN GAINS 
MEASURED BY SCIENCE REASONING II AND 
SCIENCE INFORMATION. 
IQ MEAN GAINS 
Quartile Sci. Info. Sci. Rsn. II 
I 7. 74 2.24 
II 12.69 3.82 
m 14. 61 3. 84 
IV !4 .. 28 6. 27 
TABLE 39. TEST RESULTS BY IQ QUARTILES IN RANDOM 
SAMPLE OF EXPERIMENTAL GROUP. 
IQ Quartile 
Mean 
Test Data I II III IV Total 
N 125 N 125 N 125 N 125 500 
Post-test M 15. 29 25.22 29. 61 37.43 27.01 
Sci. Info. Pre-test M 7. 25 12.53 15.00 23. IS 14.48 
M Gain 7.74 12.69 14.61 14.28 12.53 
Post-test M 19.93 24.19 25. 26 27. 65 24.26 
Sci. Rsn. I Pre-test M 18.27 21.36 22.90 25.39 21.98 
M Gain 1.66 2. 83 2. 36 2.26 2.28 
Post-test M 14.02 17.7 3 20.18 25.65 19. 39 
Sci. Rsn. II Pre-test M· 11.78 13.91 16.34 19. 38 IS. 35 
M Gain 2. 24 3. 82 3. 84 6. 27 4.04 
Post-test M 20.16 23.81 26.26 32.26 25. 62 
Sci. Rsn. ill Pre-test M 18.17 21.10 23.00 28.32 22. 65 
M Gain 1.99 2. 71 3. 26 3. 94 2.97 
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TABLE 40. F-VALUES FOR ANALYSIS OF VARlANCES IN 
EXPERIMENTAL MEAN GAINS BY IQ QUAR TILES. 
Source of Sci. Sci. Rsn. Sci. Rsn. Sci. Rsn. 
Variation d£ Info. I II m 
IQ Groups 3 123.72 *** 84.18 *** 24.66 *** 103.14* 
Trials 
Pre- to Post- 1 856.14 *** 106. 24 *** 80.26 *** 112.07 * 
GXT Interaction 3 13.46 *** 1. 20 3. 39 * 2.16 
Subjects 496 2. 82 *** 2. 34 *** 3. 30 *** 2. 69 * 
Residual 496 
* Significant at • 05 level. 
*** Significant at the • 001 level. 
** 
** 
** 
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Analysis of Data By Sex. 
A comparison of the mean gains made by the boys and the 
mean gains made by the girls indicates a slight but insignificant 
superiority of the girls over the boys. This extremely small 
margin held by the girls was found in Science Reasoning I, Science 
Reasoning n, and the STEP Test. The only exception was found 
in Science Reasoning ill where the boys held a slightly superior 
but insignificant edge on the girls. 
An analysis of variances indicated that none of these 
differences wuc great enough to reach a level of significance. 
Summary of Interpretation. 
Although the analysis of variances indicated that there were 
significant differences, some of these differences could be explained 
on the basis of differences in intelligence and the remainder occurred 
only at the interaction level. Since no significant difference occurred 
in the main effects, the best interpretation seems to be that the 
differences which were found in the measurements were probably 
caused by some chance :factor or by an uncontrolled or non-
randomly distributed variable. Thus it is concluded that there 
were no significant differences in gains between control and 
experimental groups and no significant differences in gains within 
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the experimental design. This conclusion applies to all instrum.ents 
used to measure scientific reasoning. 
An analysis by IQ quartiles indicated that there were small 
but significant differences in the gains made by quartiles on 
Science Reasoning Test ll and ill. These differences were in 
general directly related to intelligence. 
An analysis of variances indicated that there was no basic 
difference between boys and girls in their development of ability 
in scientific reasoning. This similarity between the boys and girls 
was indicated by all four instru.m.ents used for measuring scientific 
reasoning. 
CHAPTER VID 
TESTING OF THE WOitKING HYPOTHESES 
I. The increase in scientific reasoning ability will be greater in 
classrooms where the teacher attempts to integrate the television 
program with classroom activity than it will be in classrooms where 
the teacher uses the television program without preparation or 
follow up. 
Basically the testing of this hypothesis is the comparing of 
the experimental with the control group. Since the significant 
differences that were found seem to be related to intelligence 
rather than differences in group learning, and since the differences 
are so small, it seems justifiable to reject this hypothesis . 
.Any interpretation of the results needs to take into consider-
ation that the control group did carry on a general science program 
and that changes in the control reasoning scores could have been 
brought about by this general science program. This explanation 
is not entirely supportable, however, since both Science Reasoning 
Test I and Science Reasoning Test ID dealt entirely with biological 
terms. Control classes confined their activities to non-biological 
science. To conclude that the study of non-biological science 
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brought about an increase in the scores on Science Reasoning Test 
1 and m would imply that there had been a perfect transfer of train-
ing. Science Reasoning Test II which was purely neutral as far as 
biological science was concerned, and, in fact, more related to 
the non~ biological sciences, indicated that control and experimental 
groups for all practical purposes gained the same amount. If the 
control group had benefited from their non~biological science train~ 
ing they should have done better on thil!l particular test than did the 
experimental group. Since they did not, it seems only logical to 
conclude that none of the methods within the experimental group 
was .• superior or inferior to any of the methods in the control as 
far as science reasoning was concerned. 
This conclusion is supported by the results as measured 
by all three of the specially constructed tests and further collabor-
ated by a nationally normalbed test on which both the control and 
experimental groups made gains which were predictable on the 
basis of the national norms for the test. 
When the results of Science Reasoning Test 1 is added to 
the results of Test ill there is a difference between the experimental 
boys (M = 5. 77) and the control boys (M = 3. 44)-which reaches the 
. 01 level of significance. While the girls' scores using the same 
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two tests indicated a similar superiority of the experimental girls 
{M = 6. 03) over the control girls (M = 4. 87), the difference was not 
great enough to be considered significant. Since there is a 
significant difference in IQ between control boys (M = 104. 5) and 
experimental boys (M = 107. 9), it is doubtful if the difference in 
boys' scores can be contributed to any effects of the experimental 
design. 
Z. The increase in scientific reasoning ability will be greater in 
classrooms where the teacher uses the television program as a 
motivating force to stimulate classroom activity than it will be in 
classrooms where the teacher spends most of the classroom time 
preparing for the program. 
Table 41 compares the mean increases made by terminating 
and initiating classes on all important variables. 
TABLE 41. COMPARISON OF MEAN GAIN SCORES IN SCIENCE 
REASONING BETWEEN CLASSES USING TELEVISION 
AS AN INlTIA TING DEVICE AND CLASSES USING 
TELEVISION AS A TERMINATING DEVICE. 
Test 
Sci. Rsn. I 
Sci. Rsn. II 
Sci. Rsn. ill 
STEP 
Mean Gain Scores 
Initiating Group 
z. 7 
3.6 
3.0 
4.3 
Terminating Group 
Z.3 
4. 3 
3.4 
4.7 
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With the exception of Science Reasoning Test I the differences 
in Table 41 favor the Terminating Group over the Initiating Group. 
Since the analysis of variances indicated that there are no significant 
differences between the main effects and since the results are 
opposite to that predicted by the hypothesis, it seems fairly safe 
to conclude that as far as science reasoning was concerned in this 
study, it made no difference whether the class preparation followed 
or preceded the television presentation. 
3. The increase in scientific reasoning ability will be greater in 
classrooms where the teacher allows each pupil or group of pupils 
to create a project in natural science of their own choosing than it 
will be in classrooms where the teacher assigns a topic for the 
entire class. 
TABLE 42. COMPARISON OF MEAN GAIN SCORES IN SCIENCE 
REASONING BETWEEN CLASSROOMS USING INDlV-
!DUAL PROJECTS AND CLASSROOMS RECEIVING 
COMMON CLASS ASSIGNMENTS. 
Test . Mean Gains 
Individual Class 
Sci. Rsn. I 2.7 2.3 
Sci. Rsn. II 3.6 4.2 
Sci. Rsn. m 3. 1 3.2 
STEP 4.5 4.5 
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Since the differences indicated in Table 42 are extremely 
small on all tests and since none of them reached a level of 
significance, it must be concluded that there is no basic difference 
in this study of the effect of common class assignment and individual 
projects on the development of scientific reasoning. 
4. The increase in scientific reasoning ability will be greater in 
classrooms conducted by teachers who have had special training 
covering the content of the programs than it will be in classrooms 
conducted by teachers who did not receive such training. 
5. The increase in scientific reasoning ability will be greater in 
classrooms conducted by teachers who have received special training 
in the use of educational television than it will be in classrooms 
conducted by teachers who did not receive such training. 
TABLE 43. COMPARISON OF l4EAN GAIN SCORES IN SCIENCE 
REASONING BE TWEEN CLASSROOMS CONDUCTED 
BY TEACHERS WHO PARTICIPATED IN DIFFERENT 
WORKSHOPS. 
~ean Gains 
Test Science Television NST 
Sci. Rsn. I 2.6 2.5 2.5 
Sci. Rsn. II 3.3 3.9 4.5 
Sci. Rsn. m 3.0 3.0 3.5 
STEP 3. 9 4.7 4.9 
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With the exception of the results on Science Reasoning Test 
I the results reported in Table 43 favor the classes taught by teachers 
with no special training. Since the results contradict both of the 
hypotheses and since none of the differences reach a level of 
significance, it must be concluded that teacher training as handled 
in this study did not affect the development of science reasoning. 
CHAPTER IX 
CONCLUSIONS 
The results of the experiment indicate that the experimental 
variables had no apparent effect on science reasoning as defined and 
measured in this study. 
Classrooms handled by teachers who received special training 
in science or television did not increase in their science reasoning 
ability any more than did those classrooms handled by teachers who 
did not receive special training, nor did any of the groups of class-
rooms do better than the control classrooms. 
Classrooms which had access to the study guide improved 
to the same degree as classrooms that did not have the study guide. 
Classrooms utilizing the television programs as an initiating 
device improved to the same degree as classrooms that used the 
television program as a terminating device. 
Classrooms in which assignm.ents were made on the basis 
of individual interest improved to the same degree as classrooms 
that used common class assignments. 
In evaluating and applying these conclusions it must be kept 
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in mind that they apply only to the particular teacher training programs 
utilized in this experiment. It is also important to consider that none 
of the teachers were instructed to teach the class anything specifically 
about scientific reasoning. Similarly it must be kept in mind that the 
control in some instances studied the physical sciences. 
The only overall conclusion that can be drawn is that the 
experimental variables did not increase the ability of scientific reason-
ing beyond what would be expected from any classroom using this 
particular television program and studying science. 
There was some indications tha.t the improvement in scientific 
reasoning was related to intelligence; however, the correlation between 
intelligence and increases in scientific reasoning were quite low. The 
correlation between the class mean changes and the class mean IQ was 
under . 24 on all reasoning tests. Complete correlations are reported 
in Table 17 • 
It would seem from this study that maturation might be an 
important part of the development of the ability to do scientific reason-
ing; however, the controls are inadequate to substantiate any definite 
conclusions regarding the part played by maturation. 
There is conclusive evidence in the study indicating that there 
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are no basic differences between the boys and the girls at the fifth gratie 
level in their ability to do scientific reasoning. This would seem to 
indicate that studies which have shown men to be superior at later 
stages in educational development are showing either differential affects 
of culturation or differential affects of maturation. At the fifth grade 
level there are no differences insofar as the instruments employed in 
this study are concerned. 
Since the experimental group made substantially greater gains 
on the science information test than did the control group, and since 
there were no significant differences between the experimental group 
and the control group on the science reasoning tests, it seems safe to 
conclude that gains in scientific reasoning ability are not related to 
gains in scientific information. 
These conclusions can be summarized as follows: 
I. The experimental variables used in this study did not 
produce differential changes in the ability to do scientific reasoning. 
2. There were indications that the development of scientific 
reasoning ability, as measured in this experiment, may be related 
to intelligence and maturation. 
3. There were no significant differences between girls and 
boys at the fifth grade level in their ability to do· scientific reasoning 
as measured in this experiment. 
4. Gains in science reasoning ability did not accompany 
gains in s-cientific information. 
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CHAPTER X 
RECO:Ml.4ENDA TIONS FOR FUTURE RESEARCH 
In conducting further research on scientific reasoning it would 
be advisable to design teacher training workshops and classroom 
procedures which have as their primary objective the increasing of 
the ability to do scientific reasoning. Such workshops and classroom 
procedures should attempt to develop an understanding of the analytical, 
problem solving approach used in science to discover relationships. 
Such a procedure is necessary if any conclusions are to be reached 
regarding the usual methods of teaching of science and its possible 
effects on science reasoning. If special training can increase science 
reasoning ability, it would indicate that the usual methods for teaching 
science are inadequate if the objective is to develop scientific reason-
ing ability. R would also be an indication that maturation is not playing 
a major role in the development of science reasoning ability. A 
complete check on the effect of maturation seems out of the question 
since it would require the complete elimination of all science from 
the curriculum of the control group. Few school systems are in a 
position to take such a radical approach because of probable reaction 
of school officials and parents. 
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The possible effect of the television program alone on 
science reasoning was not checked in this study. To check the 
possibility of such an effect would require either the development 
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of two program.s, one designed to present facts and the other 
designed to encourage problem solving, or it would require the use 
of a control group which did not utilize the television program in 
its science curriculum. Unfortunately this technique was 
relatively impossible in this study. Local school systems pay a 
yearly fee for the services of the television programs which are 
telecast by the 1121 Inch Classroom. 11 To select a control group 
!rom a community that was not participating in 1121 Inch Classroom" 
would have resulted in comparing the wealthier and more pro-
gressive communities with the less economically endowed and 
conservative community. To have restricted the television viewing 
of classes in a community that was paying for the program.s would 
have resulted in considerable opposition from school authorities and 
ultimately from parents who would feel their children were being 
cheated. These problems seem to indicate that television research 
has major limitations when conducted through a special television 
organization such as the 11 21 Inch Classroom. 11 Either the use of 
closed circuit television or the Wle of film would make it possible 
to get around this limitation. 
CHAPTER XI 
SUMMARY 
A group of 90 fifth grade classrooms randomly selected from 
300 volunteer classrooms in 30 cooperating communities in the Greater 
Boston area were used in a study to determine the possible effects of 
different methods of handling television in the classroom. 
The study was concerned with the possible effects of various 
methods on scientific reasoning. In the study scientific reasoning was 
defined as a process involving the following basic steps: 
1} realization of a problem, 
2) analysis of the problem, 
3) consideration of information related to the problem, 
4} formation of a tentative solution to the problem, 
5) testing of the tentative solution, and 
6) re-analysis of the problem in the event of an 
inadequate solution. 
The total 90 classes were divided into two groups, 72 
experimental classrooms and 18 control classrooms. The 72 
classrooms were distributed in a four-way interaction research 
design involving the following main effects! 
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1) Teacher training, 
2) Ordinate position of television program in relationship 
to class room activity, 
3) Type of pupil project assignment, 
4) Utilization of study guide. 
Teacher training involved 3 groups: 24 classrooms receiving 
training in a special science workshop, 24 classrooms receiving 
training in the utilization of television in the classroom, and 24 
classrooms receiving no special training. One-haU of the classrooms 
utilized the television program to terminate classroom activity and 
one-haU used television to initiate classroom activity. One-half the 
classrooms allowed the students to choose their own activity projects 
while the other haU were given a common class assignment. One-haU 
of the classrooms utilized a specially prepared study guide while the 
other half did not use a study guide. The design resulted in 24 
cubicals, each containing 3 classrooms. The 24 cubicals involved 
all possible combinations of the four variables under study. 
The study was designed around a series of 30 one-half hour 
television programs on the basic principles of biological science, a 
series produced by the Massachusetts Audubon Society and telecast 
by WGBH- TV in cooperation with the Eastern Massachusetts Council 
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For School Television. 
Reasoning measurements were made with three specially 
constructed scientific reasoning test and one nationally standardized 
test. Gains in scientific information were measured by a specially 
constructed test. 
The class mean was used as the basic raw score in the 
experiment. Statistical differences were analyzed by using the mean 
difference between the pre-test and the post-test given in each class-
room. The analysis of variances indicated that none of the differences 
in gains in reasoning ability between control and experimental groups 
were large enough to be considered significant. The gains in scientific 
information were significantly greater for the experimental group. A 
four-way analylds of variances indicated that none of the variables 
within the experimental de signs effected the gains enough to produce 
significant differences. The study supports the following conclusions: 
1), The experimental variables used in this study did not 
produce differential changes in the ability to do scientific reasoning. 
2) There were indications that the development of scientific 
reasoning ability, as measured in this experiment, may be related 
to maturation. 
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3} There were no significant differences between girls and 
boys at the fifth grade le:vel in their ability to do scientific reasoning, 
as measure in this experiment. 
4) Gains in scientific information were not accompanied by 
parallel gains in science reasoning ability. 
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APPENDIX A 
DETAILED ANALYSIS OF PRE-TEST DATA 
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TABLE 44. COMPARISON OF CELLS IN EXPERIMENTAL DESIGN, 
VARIABLE: AGE {NUMBER OF MONTHS OLDER THAN 
TEN YEA ~S AND ZERO UONTHS l 
N 72 Initiating Terminating 
I: X 573.6 
I: x2 4865.12 Individ. Group Individ. 
I Sci 26.6 24.9 29.0 I 
Guide 
I 
TV 20.5 24.4 21.3 
NST 20.9 20.4 19.1 
No Sci 28.9 25.8 22.0 
Guide TV 24.8 27.6 20.7 
NST 28.6 26.2 21.3 
~ 
Note: Each numerical figure in the above table indicates 
the sum of the mean scores made by the three (3) 
classrooms in each cubicle. 
Group 
24.4 
26.9 
23.5 
22.7 
25.1 
18.0 
TABLE 45. SIMPLE ANALYSIS OF VARIANCES AMONG CELLS, 
VARIABLE: AGE 
Source df Sum of Squares 
Among 23 78.4528 
Within 48 216.9872 
Total 71 295.4400 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
3. 4110 .75 
4.5206 
176 
TABLE 46. COMPARISON OF CELLS IN EXPERIMENTAL DESIGN, 
VARIABLE: OTIS BETA - IQ 
N 72 Initiating Terminating 
I: X 7798. 
I: x2 846588. Individ. Group Individ. 
I Sci 336 315 313 
Guide TV 326 316 336 
NST 326 343 320 
No Sci 320 331 319 
Guide TV 330 310 331 
NST 321 321 322 
Note: Each numerical figure in the above table indicates 
the sum of the mean scores made by the three (3) 
classrooms in each cubicle. 
Group 
328 
327 
343 
328 
314 
322 
TABLE 47. SIMPLE ANALYSIS OF VARIANCES AMONG CELLS, 
VAlUABLE: OTIS BETA - IQ 
Source df Sum of Squares 
Among 23 605.89 
Within 48 1415.39 
Total 71 2021.28 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
26.34 . 89 
29.49 
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TABLE 48. COMPARISON OF CELLS IN EXPERIMENTAL DESIGN, 
VARIABLE: SCIENCE INFORMATION (PRE-TEST) 
N 72 Initiating Terminating 
~X 1046.7 
~x2 16735.81 Individ. Group Individ. 
Sci 47.2 41.9 34.6 
Guide TV 37.1 31. 1 49.8 
NST 33.8 49.7 45.0 
No Sci 41.2 52.0 37.4 
Guide TV 38.8 36.7 54.2 
NST 33. 1 41.2 39.7 
Note: Each numerical figure in the above table indicates 
the sum of the mean scores made by the three (3) 
classrooms in each cubicle. 
Group 
62.3 
51.5 
58.7 
46.4 
31.8 
51.5 
TABLE 49. SIMPLE ANALYSIS OF VARIANCES AMONG CELLS, 
VARIABLE: SCIENCE INFORMATION (PRE-TEST) 
Source df Sum of Squares 
Among 23 582.5281 
Within 48 936,8807 
Total 71 1519.4088 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
25.3273 1. 30 
19.5183 
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TABLE 50. COMPARISON OF CEL1.8 IN EXPERIMENTAL DESIGN 
VARIABLE: SCIENCE REASONING I {PRE-TEST) 
N 72 Initiating Terminating 
l:X 
l: x2 Individ. Group Individ. 
Sci 70.1 56.8 60.4 
Guide TV 61.8 61.3 66.0 
NST 60.2 67.8 65.4 
No Sci 64.3 69.8 64.0 
Guide TV 66.0 60.5 70.8 
NST 64.7 64.0 63.9 
Note: Each numerical figure in the above table indicates 
the sum of the mean scores made by the three (3) 
classrooms in each cubicle. 
Group 
69.0 
68.6 
72.2 
64.7 
61. 1 
65.7 
TABLE 51. SIMPLE ANALYSIS OF VARIANCES AMONG CELLS 
VARIABLE: SCIENCE REASONING I (PRE-TEST\ 
Source df Sum of Squares 
Among 23 116. 2183 
Within 48 187.4005 
Total 71 303.6188 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
5.0530 
3.9042 
F 
1. 29 
TABLE 52. 
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COMPARISON OF CELLS IN EXPERIMENTAL DESIGN 
VARIABLE: SCIENCE REASONING II (PRE .. TEST} 
N 72 Initiating Terminating 
:EX 1115. 9 
:E x2 18850.17 Individ. Group Individ. 
Sci 59.2 39.7 33.5 
Guide TV 40.8 35.6 44.3 
NST 36.5 44.6 32.3 
No Sci 41.6 54.6 42.6 
Guide TV 45. 1 31.4 54.9 
NST 58.2 53.5 44.8 
Note: Each numerical figure in the above table indicates 
the sum of the mean scores made by the three (3) 
classrooms in each cubicle. 
Group 
63.9 
59.0 
65.7 
48.5 
39.5 
46.1 
TABLE 53. SIMPLE ANALYSIS OF .VARIANCES AMONG CELLS 
AR 
Source df Sum of Squares 
Among 23 770.9560 
Within 48 784.3139 
Total 71 1555.2699 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
A 
Mean Square F 
33.5198 2. 05 * 
16.3399 
TABLE 54. 
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COMPARISON OF CELLS IN EXPERIMENTAL DESIGN 
VARIABLE: SCIENCE REASONING ill (PRE-TEST) 
N 72 Initiating Terminating 
:EX 1619.9 
:E x2 37070.73 Individ. Group Individ. 
Sci 74.1 63.9 64.6 
Guide TV 64.9 62.8 69.6 
NST 64.0 70.4 61.0 
No Sci 65.4 71.6 62.2 
Guide TV 72.2 62.9 69.7 
NST 66.7 61.8 59. 9 
Note: Each numerical figure in the above table indicates 
the sum of the mean scores made by the three (3) 
classrooms in each cubicle. 
Group 
77.7 
74.1 
79.1 
68.8 
61.0 
71.5 
TABLE 55.. SIMPLE ANALYSIS OF VARIANCES AMONG CELLS 
VARIABLE: SCIENCE REASONING ill (PRE- TEST} 
Source df Sum of Squares 
Among 23 230.4960 
Within 48 394.7339 
Total 71 625.2299 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
10.0216 
8.2236 
F 
1. 22 
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TABLE 56. COMPARISON OF CELLS IN EXPERIMENTAL DESIGN 
VARIABLEt STEP TEST (PRE-TEST) 
N 72 Initiating Terminating 
~X 2642.1 
~x2 98413.77 Individ. Group Individ. 
------~ 
Sci 126.2 103.5 107.4 
I Guide TV 102.6 97.1 114.9 
I NST 
I 
106.2 117.1 106.5 
I No Sci 109.0 115.5 108.3 
Guide TV 108.3 101.0 116.6 
NST 100.9 110. 3 106.4 
-
Note: Each numerical figure in the above table indicates 
the sum of the mean scores made by the three (3) 
classrooms in each cubicle. 
Group 
115.8 
113.6 
124.0 
113. 3 
101.2 
116.4 
TABLE 57. SIMPLE ANALYSIS.OF VARIANCES AMONG CELLS 
VARIABLE: STEP TEST (PRE-TEST} 
Source df Sum of Squares 
Among 23 420.9617 
Within 48 1038.7471 
Total 71 1459.7088 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
18.3027 . 85 
21.6406 
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TABLE 58. EXPERIMENTAL GAINS: SCIENCE INFOR.MA TION 
RER>R TED BY SUM OF SCORES WITHIN CELL 
~-
N 72 
I: X 908.4 
I: xz 13832.72 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
N 72 
ll X 900. 1 
ll X 2 14091. ss 
Sci 
Guide TV 
NST 
No Sci 
Guide TV. 
NST 
N 72 
ll X 921. 1 
ll X 2 14143.41 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
--
Combined 
Initiating Terminating 
Individ. Group Individ. Group 
49.5 26.2 26.0 63.2 
36.8 26.0 42.9 28.5 
28.4 40.5 34.2 42.2 
49.8 44.6 32.0 37.5 
47.0 34.2 32.4 33.0 
50.6 20.8 39.1 43.0 
Boys 
49.5 26.0 24.6 60.8 
37.5 26.1 40.0 26.7 
29.0 41.9 37.2 41.3 
53.5 40.5 33.0 32.5 
43.2 33.4 37.3 33.7 
51.9 20.7 36.0 43.8 
Girls 
49.3 26.8 26.2 64.4 
37.7 26.0 43.4 30.3 
28.2 40.8 30.3 43.5 
48.6 48.4 31.0 47.1 
50.2 35.6 28.2 31.3 
48.8 20.4 42.3 42.3 
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TABLE 59. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
INFORMATION BOYS' AND GIRLS' SCORES COMBINED 
Source of Variation 
elevision (TV) 
uide (G) 
T 
G 
T 
A 
T 
T 
T 
G 
G 
T 
T 
T 
T 
G 
T 
R 
raining (Tr) 
ssignm.ent (A} 
VxG 
V x Tr 
VxA 
x Tr 
xA 
rxA 
V x G x Tr 
VxGxA 
V x Tr x A 
x Tr x A 
V x G x Tr x A 
esidual 
Total 
df Sum of Squares 
1 . 002.2. 
1 5.3356 
2. 49.0000 
1 11. 6806 
1 49.3355 
2. 2.1. 3745 
1 169.8939 
2. 3.9144 
1 30.1605 
2. 56.4044 
2. 37.3378 
1 .3473 
2. 81.8411 
2. 72..7545 
.2. 174.5644 
48 1607.7933 
2.371. 7400 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
.00.2.2. 
5.3356 • 16 
2.3.5000 
.73 
11.6806 • 35 
49.3355 1.47 
10.6873 
. 32. 
169.8939 5. 07 * 
1. 957.2. • 06 
30.1605 
. 90 
2.8 • .2.02.2. 
. 84 
18.6689 • 56 
.3473 • 01 
40.92.06 L 2.2. 
36.3773 1. 09 
87.2.8.2.2. 2..61 
33.4957 
TABLE 60. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
INFORMATION BOYS 1 SCORES ONLY 
Source of Variation 
elevision {TV) 
uide (G} 
T 
G 
T 
A 
T 
T 
T 
G 
G 
T 
T 
T 
T 
G 
T 
R 
raining {Tr) 
s signment (A) 
VxG 
Vx Tr 
VxA 
x Tr 
xA 
rxA 
V x G x Tr 
VxGxA 
V x Tr x A 
x Tr x A 
V x G x Tr x A 
esidual 
Total 
df Sum of Squares 
1 • 5513 
1 4.9613 
2 37.8253 
1 28.5013 
1 31.3367 
2 23.2508 
1 158.1234 
2 7.9658 
1 42.4734 
2 33.7158 
2 33.2637 
1 I. 0514 
2 97.8503 
2 59.4553 
2 189.7108 
48 2089,3133 
2839.3499 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
.5513 
4. 9613 
18.9127 
28.5013 
31. 3367 
11. 6254 
158.1234 
3.9829 
42.4734 
16.8579 
16.6319 
1. 0514 
48.9252 
29.7277 
94.8554 
43.5274 
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F 
• 01 
.11 
• 43 
. 65 
.72 
. 27 
3.63 
.09 
• 98 
.39 
. 38 
• 02 
1. 12 
.68 
2.18 
TABLE 61. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
INFORMATION GIRI.81 SCORE ONLY. 
Source of Variation df Sum of Squares 
Television (TV) 1 .0034 
Guide (G) I I0.3512. 
Training (Tr} 2. 79.5703 
Assignment (A) 1 .7401 
TVx G I 48.5113 
TV x Tr 2. 2.8.8753 
TVxA I 2.07.7402. 
Gx Tr 2. • 2.308 
GxA 1 2.3.0069 
Tr xA 2. 96.0519 
TV x G x Tr 2. 57.5559 
TVxGxA 1 • 0867 
TV x Tr xA 2. 85.4136 
G x Tr x A 2. I06.7670 
TV x G x Tr xA 2. I2.9.4552. 
Residual 48 1485.3667 
Total 2.359.72.66 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
.0034 
I0.3512. 
39.7852. 
.7401 
48.5113 
I4.4377 
2.07.7402. 
.1154 
2.3.0069 
48.02.60 
2.8.7780 
.0867 
42..7068 
53.3835 
64.72.76 
30.9451 
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F 
• 33 
1. 2.9 
• 02. 
1. 57 
• 47 
6. 71 * 
• 74 
1. 55 
. 93 
1. 38 
1. 73 
2.09 
TABLE 62. EXPERIMENTAL GAINS' SCIENCE REASONING I 
REPORTED BY SUM OF SCORES WITHIN CELL 
N 72 
~X 182.0 
~ xz 581.94 
--------T--
I Sci 
NST Guide 1 TV 
----- -----
No Sci 
Guide TV 
I NST 
N 72 
:EX 172.1 
:E X 2 656.80 
Sci 
Guide TV 
NST 
---
No Sci 
Guide TV 
NST 
N 72 
:EX 196. 9 
:E X 2 691.37 
Sci 
----~­
Guid+1~ TV NST 
------
No S ci 
Guide ,.. rv 
NST 
I 
I 
r---
Combined 
Initiating Terminating 
~ivid.l Group Individ. Group 
8.3 9.8 10. 1 6. 1 
8. 0 I 6. 7 8.8 6.0 
10.2 7.6 9. 3 4.3 
11.0 6.8 5"'5 6.0 
8. 1 11.2 5.7 4.5 
2.7 7.4 9.6 8. 3 
Boys 
9.3 6. 1 10.0 6.4 
6. 0 6. 3 10.4 5.9 
11.0 6. 3 11.3 3. 3 
11.6 6.3 6.2 5. 1 
6. 1 11. 9 2. 6 3.4 
2. 9 6.5 11. 1 5.2 
Girls 
7.1 13.4 9. 9 6.4 
10.2 7. 1 7.2 5.7 
9.0 10. 1 6.3 6.2 
15.1 8. 1 4.7 8.9 
8. 9 10.6 7.5 5.5 
2.3 8.2 7.8 10.7 
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TABLE 63. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST I BOYS'ANDGIRLS' SCORES COMBINED. 
Source of Variation 
T 
G 
T 
A 
T 
T 
T 
G 
G 
T 
T 
T 
T 
G 
T 
R 
elevision {TV} 
uide {G) 
raining {Tr) 
s signment (A) 
VxG 
Vx Tr 
VxA 
x Tr 
xA 
rxA 
V x G x Tr 
VxGxA 
V x Tr x A 
x Tr x A 
V x G x Tr xA 
esidual 
Total 
df Sum of Squares 
1 2.5688 
1 • 9800 
2 .5411 
I 2 .. 2050 
1 . 0356 
2 4. 1478 
I 3.1250 
2 .5433 
1 3.4672 
2 . 3333 
2 10.2978 
1 . 2006 
2 1.2434 
2 3.1345 
2 5.0010 
48 84.0600 
71 121.8845 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
2.5688 1. 47 
. 9800 • 56 
. 2706 • 15 
2.2050 1. 26 
.0356 .02 
2.0739 1. 18 
3.1250 1. 78 
• 2717 .16 
3.4672 1. 98 
.1667 . 10 
5.1489 2.94 
. 2006 . 11 
.6217 • 35 
1. 5673 • 89 
2.5005 1. 43 
1. 7513 
The four way analysis of variances indicates that there are no 
experimental differences large enough to be considered significant. 
TABLE 64. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST I BOYS' SCORES ONLY 
Source of Variation df Sum of Squares 
Television (TV} 1 1. Z272. 
Guide (G} 1 2..4938 
Training {Tr) 2. 1. 4877 
Assignment (A} 1 9.Z450 
TVxG 1 2..72.2.3 
TV x Tr 2 3.4812. 
TVxA 1 4.9089 
Gx Tr 2 ,2.712 
GxA 1 6.4800 
Tr xA 2 7.6300 
TV x G x Tr 2. 14.1910 
TV x GxA 1 . 0450 
TV x Tr X. A 2 6. 5Zll 
G x Tr x A 2 2..8934 
TV x G x Tr x A 2 2..4399 
Residual 48 183.6867 
Total 
71 7.4.1; 4.~~2 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
1. 2.2.72 
2..4838 
.7439 
9.2.450 
2..722.3 
1. 7406 
4.9089 
.1356 
6.4800 
3.8150 
7.0955 
.0450 
3.2.606 
1. 4467 
1. 2200 
3.8268 
189 
F 
. 32. 
. 65 
. 19 
2..42. 
.71 
.45 
1. 2.8 
• 04 
1. 69 
1. 00 
1. 85 
. 01 
. 85 
. 38 
. 32. 
The four way analysis of variances indicates that there are no 
experimental differences which are large enough to be considered 
significant. 
TABLE 65. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST I GIRLS' SCORES ONLY. 
Source of Variation df Sum of Squares 
Television (TV) 1 7.5401 
Guide (G} 1 .0013 
Training (Tr} 2. 4.0586 
Assignment (A) 1 . 3335 
TVxG 1 • 7001 
TVx Tr 2 5.42.70 
TVxA 1 . 3335 
Gx Tr 2. • 5008 
GxA 1 • 5867 
Tr xA 2. 4.6686 
TV x G x Tr 2 9.5803 
TV x G xA 1 2.6836 
TV x Tr x A 2. • 6669 
Gx Tr x A 2 4.0254 
TV x G x Tr x A 2 16.9968 
Residual 48 94.8000 
Total 71 152.9032 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
7.5401 
. 0013 
2..0293 
• 3335 
• 7001 
2..7135 
. 3335 
• 2504 
• 5867 
2.3343 
4.7902. 
2.6836 
• 3335 
2..0127 
8.4984 
1. 9750 
190 
F 
3.82. 
1..03 
• 17 
. 35 
1. 37 
. 17 
.13 
• 30 
1.18 
2.43 
1. 36 
• 17 
1. 02. 
4. 30 * 
The four way analysis of variances indicates that there are 
differences large enough to be considered significant at the . 05 level 
in the four way interaction between the main variables. 
TABLE 66. EXPERIMENTAL GAINS: SCIENCE REASONING II 
REPORTED BY SUM OF SCORES WITHIN CELL 
Combined 
N 72 
~X 271. 1 
~ xz 2393.47 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
---~-
N 72 
~X 2360 4 
~ X 2 2162.26 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
N 72 
~X 286.1 
~ X2 3155.71 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
Initiating 
Individo Group 
8.3 11. 1 
8o6 12.2 
25.1 8. 1 
9.7 12.9 
12. 9 4.3 
- 0 9 13.2 
12o6 8.8 
4.3 10.4 
12.7 12.4 
11.6 18.1 
13. 2 7.5 
1.7 6. 1 
4.5 13.5 
15.0 13. 1 
32.2 2. 1 
8.0 9.7 
11.6 • 6 
-4.3 19. 3 
Terminating 
Individo Group 
18o8 13.7 
14.7 20o9 
22o8 7o3 
1.1 3. 8 
• 3 10o5 
8. 8 22.9 
Boys 
19.0 1.8 
13.0 21. 1 
20.9 7 0 1 
. 8 5.5 
- 4. 8 7.6 
9.5 15.5 
Girls 
19.5 20.9 
15.7 20.0 
22.5 6.8 
1.0 . 1 
3. 7 13.3 
8.0 29.3 
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TABLE 67. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST II BOYS' AND GIRLS' SCORES 
COMBINED . 
Source of Variation df Sum of Squares 
Television (TV) 1 5.6113 
Guide (G) I 72.2001 
Training (Tr) 2 18.4420 
Assignment (A} 1 1.5901 
TV X G 1 12.0868 
TVx Tr 2 9.2807 
TVxA 1 2.9201 
Gx Tr 2 I. 7336 
GxA 1 51.1736 
Tr x A 2 5.1353 
TV x G x Tr 2 67.2604 
TV x Gx A 1 6.7834 
TV x Tr x A 2 19.1954 
G x Tr x A 2 107.9502 
TV x G x Tr x A 2 6.5269 
Residual 48 984.8133 
Total 71 1372.7032 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
5. 6113 
72.2001 
9.2210 
1. 5901 
12.0868 
4.6404 
2.9201 
• 8669 
51. 1736 
2.5677 
33.6302 
6.7834 
9.5977 
53.9751 
3.2635 
20.5169 
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F 
• 27 
3.52 
. 45 
• 08 
.59 
. 23 
• 14 
• 04 
2.49 
• 13 
1..64 
• 33 
• 47 
2.63 
. 16 
The analysis of variances indicates that there are no experimental 
differen~es large enough to be considered significant. 
TABLE 68. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST ll BOYS' SCORES ONLY. 
Source of Variation df Sum of Squares 
Television (TV) 1 . 0800 
Guide (G) 1 37.2672 
Training (Tr) 2 3.8758 
Assignment (A) 1 .7606 
TVxG 1 29.1339 
TV x Tr 2 40.8475 
TVxA 1 . 6805 
Gx Tr 2 8.1753 
GxA 1 33.6200 
Tr xA 2 22. 0119 
TV x G x Tr 2 59.0170 
TV x GxA 1 25.4422 
TV x Tr xA 2 31.6804 
Gx Tr xA 2 36.9359 
TV x G x Tr xA 2 .4651 
Residual 48 1056.0867 
Total 71 1385.0800 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
.0800 
37.2672 
1.9397 
.7606 
29.1339 
20.4238 
. 6805 
4.0877 
33.6200 
11.0060 
29.5085 
25.4422 
15.8402 
18.4680 
. 2326 
22.0018 
193 
F 
1. 69 
• 09 
. 03 
1. 32 
. 93 
. 03 
. 19 
1. 53 
. 50 
1. 34 
1. 16 
... 72 
• 84 
• 01 
The four way analysis of variances indicates that there are 
no experimental differences large enough to be considered significant. 
TABLE 69. ANALYSIS OF EXPER.IMENTAL GAINS SCIENCE 
REASONING TEST II GIRLS' SCORES ONLY. 
Source of Variation df Sum of Squares 
Television (TV} 1 17.5035 
Guide {G) 1 101. 5313 
Training (Tr} 2 31. 55,2.0 
Assignment (A} 1 1. 7735 
TVxG 1 2.9201 
TV x Tr · 2 2.7752 
TVxA 1 11.4401 
Gx Tr 2 19.0108 
GxA 1 82.9901 
Tr xA 2 3.sz.so 
TV x G x Tr 2 91.8353 
TV x G xA 1 .1013 
TV x Tr xA 2 28.92.2.0 
Gx Tr xA 2 264.2219 
TV x Gx Tr xA 2 21.2009 
Residual 48 1337.5533 
Total 71 2018.8599 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
17.5035 
101.5313 
15.7760 
1. 7735 
2.9201 
1. 3876 
11.4401 
9.5054 
82.9901 
1. 7643 
45.9177 
.1013 
14.4610 
132. 1110 
10.6005 
27.8657 
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F 
.63 
3.64 
. 57 
• 06 
.10 
. 05 
• 41 
• 34 
2. 98 
• 06 
1. 65 
. 52 
4. 74 * 
. 38 
The analysis of variances indicates that there are significant 
differences at the 0. 05 level in the three way interaction involving the 
use of study guide, teacher training and type of project assign.m.ent. 
TABLE 70. EXPERIMENTAL GAINS: SCIENCE REASONING ill 
REPORTED BY SUM OF SCORES WITHIN CELL 
Combined 
N 72 
l;X 229.5 
l; xz 1076.15 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
N 72 
l; X 239. 6 
l; X 2 1311. 72 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
N 72 
l; X 232.0 
l; X 2 1259. 10 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
Initiating Terminating 
Individ. Group Individ. Group 
13.2 7.7 2A 4 14.2 
8.9 6.6 13.0 5.3 
8.7 11.6 12.5 9.5 
9.5 6.9 6. 1 13.2 
11.1 6. 6 13.5 8.0 
2.0 16.1 11.9 11.0 
Boys 
14.0 5. 9 4.6 14.3 
8.7 2.9 21.6 1.4 
11. 1 12.8 10. 1 7.9 
7.8 8.0 9. 1 10.6 
9. 2 9.3 12.2 12.3 
0 18.3 15.0 12.5 
Girls 
13.4 9. 6 • 3 13. 1 
9.2 10.4 7. 1 10. 3 
6.7 11.9 16.5 11.8 
16. 1 7.3 2.1 16.1 
12.2 3.7 14. 9 3. 3 
4.1 13,8 8.3 9.8 
195 
1.96 
TABLE 71. ANALYSIS OF EXPERWENTAL GAINS SCIENCE 
REASONING TEST ill BOYS' AND GIRLS' SCORES COMBINED. 
Source of Variation df Sum of Squares 
Television (TV) 1 1. 9012 
Guide (G) 1 . 0734 
Training (Tr) 2 2.8908 
Assignment (A) 1 • 2112 
TVxG 1 1. 7735 
TV x Tr 2 1. 7559 
TVxA 1 • 0013 
Gx Tr 2 1.3470 
GxA 1 1. 8369 
Tr x A 2 28.4659 
TV x G x Tr 2 . 8Z86 
TV x G xA 1 2.1012 
TV x Tr x A 2 50.2807 
G x Tr x A 2 5.6685 
TV x G x Tr xA 2 4.5626 
Residual 48 240.9200 
Total 71 344.6188 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
1. 9012 . 38 
.0734 . 01 
1. 4454 • 29 
• 2112 .04 
1. 7735 . 35 
. 8780 . 17 
.0013 
• 6735 . 13 
1. 8369 • 37 
14 .. 2330 2.84 
.4143 • 08 
2.1012 . 42 
25.1404 5. 01 * 
2,8343 • 56 
2.2813 .45 
5.0192 
The analysis of variances indicates that there are significant 
differences at the . O. 05 level in the three way interaction involving 
ordinate position of the television program, teacher training and type 
of project assignment. 
TABLE 72. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST m BOYS' SCORES ONLY. 
Source of Variation df Sum of Squares 
Television (TV} 1 7.7355 
Guide {G) 1 1. 1250 
Training (Tr) 2 4.0619 
Assigmnent {A) 1 .7200 
TVxG 1 2.9606 
TV x Tr 2 5.6837 
TVxA 1 5.5556 
Gx Tr 2 2.9025 
GxA 1 25.2050 
Tr x A 2 37.2225 
TV x G x Tr 2 8.7552 
TV x GxA 1 5.0138 
TV x Tr x A 2 43.7052 
G x Tr x A 2 14.4675 
TV x G x Tr xA 2 26.8704 
Residual 48 322.4000 
Total 71 514.3845 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
7.7355 
1. 1250 
2.0310 
.7200 
2.9606 
2.8419 
5.5556 
1. 4513 
25.2050 
18.6113 
4.3776 
5.0138 
21.8526 
7.2338 
13.4352 
6.7167 
197 
F 
1.15 
. 17 
. 30 
.11 
. 44 
. 42 
• 83 
. 22 
3.75 
2.77 
.65 
.75 
3. 25 * 
I. 08 
2.00 
The analysis of variances indicates that there are significant 
differences at the 0. 05 level in the three way interaction involving 
ordinate position of television program, teacher training and type of 
project assignment. 
TABLE 73. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST m GIRLS' SCORES ONLY. 
Source of Variation df Sum of Squares 
Television {TV} 1 • 3200 
Guide (G) 1 1.0272 
Training (Tr} 2 2.9286 
Assignment (A) 1 1. 4450 
TVx G 1 .0050 
TVx Tr 2 12.8908 
TVxA 1 5.6672 
Gx Tr 2 5.4003 
GxA 1 4.3022 
Tr x A 2 22.9308 
TV x G x Tr 2 5.0458 
TV x G xA 1 .1089 
TV x Tr x A 2 72.7153 
G x Tr x A 2 26.0803 
TV x G x Tr xA 2 2.6970 
Residual 48 348.2200 
Total 71 512.1445 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
.3200 
l. 0272 
1. 4643 
1. 4450 
• 0050 
6.4454 
5.6672 
2.7002 
4.3022 
11.4654 
2.7029 
.1089 
36.3577 
13.0402 
1.3485 
7.2546 
198 
F 
.04 
.14 
. 20 
. 20 
• 89 
.78 
. 37 
.59 
1. 58 
. 37 
. 02 
5. 01 * 
1. 80 
.19 
The analysis of variances indicates that there are signWcant 
differences at the 0. 05 level in the three way interaction involving 
ordinate position of the television program, teacher training and type 
of project assignment. 
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TABLE 74. EXPERIMENTAL GAINS; SCIENCE REASONING I+ III 
REPORTED BY SUM OF SCORES WITHIN CELL. 
Sci. 
TV 
NST 
Sci. 
TV 
NST 
Sci. 
TV 
NST 
Combined 
Initiating Terminating 
Individ. Group Individ. Group 
42.0 31.2 24.1 39.5 
36.1 31. 1 41.0 23.8 
23.6 42.7 43. 3 33.1 
Boys 
42.7 26.3 29.9 46.4 
30.0 30.4 46.8 23.0 
25.0 43.9 47.5 28.9 
Girls 
51.7 38.4 17.0 44.5 
40.5 31.8 36.7 24.8 
22.1 44.0 38.9 38.5 
Note: Study Guide and No Study Guide groups have 
been combined so that each numerical figure 
indicates the sum score of six classrooms. 
-
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TABLE 7 5. ANAL.YSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST I PLUS ill BOYS' SCORES ONLY. 
Source of Variation df Sum of Squares 
Television (TV) 1 255.0035 
Assigmn.ent (A) 1 1,464.3068 
Training (Tr} 2 459.9108 
TVxA 1 2,070.4612 
TV x Tr 2 306.9053 
Ax Tr 2 1, 201.7620 
TV xA x Tr 2 8,163.9008 
Residual 60 69,702.2884 
Total 71 83,6Z45.5388 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
255.0035 
1, 464. 3068 1. 26 
229.9554 
2,070.4612 1. 78 
153.4527 
600.8810 
4, 081. 9504 3. 52* 
1, 161.7048 
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TABLE 76. ANALYSIS OF EXPERIMENTAL GAINS SCIENCE 
REASONING TEST I PLUS ill GIRLS' SCORESONLY. 
Source of Variation df Sum of Squares 
Television {TV) 1 1,104.5000 
Assignment {A} 1 309.1755 
Training (Tr} 2 702.2925 
TVxA 1 345.8450 
TV x Tr 2 3,447.7075 
Ax Tr 2 4,310.9786 
TV xA x Tr 2 8,703.4725 
Residual 60 55,169.3434 
Total 71 74,093.3150 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square F 
1,104.5000 1. 23 
309.1755 
351. 1463 
345.8450 
1,723.8538 1. 88 
2,155.4893 2.34 
4, 351. 7363 4. 74 * 
919.4890 
TABLE 77. 
N 72 
~X 325.1 
EXPERIMENTAL GAINS: STEP TEST REPORTED 
BY SUM OF SCORES WITHIN CELL 
Combined 
Initiating Terminating 
202 
~ xz 1872.49 Individ. Group Individ. Group 
-----·-
Sci 
Guide TV 
NST 
No Sci 
Gui.de TV 
NST 
N 72 
:EX 314. 3 
~ X 2 2068.65 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
N 72 
~X 338. 9 
~ X2 2082.29 
Sci 
Guide TV 
NST 
No Sci 
Guide TV 
NST 
12.5 
8. 1 
7.6 
11.3 
194 8 
15.2 
13.1 
9. 9 
5.7 
13.6 
22.8 
16.9 
11.7 
6.9 
9.6 
12.4 
16.7 
13. 1 
12. 1 7.6 16.3 
14.9 12.1 9.7 
10.7 20.3 13.4 
14.4 11.3 9.3 
17.8 14.5 17.0 
12. z 20.9 16.1 
Boys 
11.3 5.7 14.5 
10.4 9. 2 10.0 
6. 5 22.6 14.0 
8. 9 11.5 7.5 
16.1 13.4 18. 3 
12.0 23.5 16.9 
Girls 
14.7 9.7 17.7 
19.8 13.5 6.6 
16. 8 18.2 13.3 
19.4 11.0 10.6 
19.7 15.6 16.7 
11.4 18.4 15.4 
TABLE 78. ANALYSIS OF EXPERIMENTAL GAINS STEP TEST 
BOYS' AND GIRLS' SCORES COMBINED. 
Source of Variation df Sum of Squares 
Television (TV) 1 1. 9668 
Guide (G) 1 16.5313 
Training (Tr} 2 11. 6336 
Assignment ~} 1 .1013 
TVxG 1 3. 1668 
TV x Tr 2 29.6970 
TVxA 1 2.1701 
Gx Tr 2 14.6808 
GxA 1 3.1667 
Tr x A 2 10.1875 
TV x G x Tr 2 • 0419 
TV x G xA 1 • 8235 
TV x Tr x A 2 5.2186 
G x Tr x A 2 • 2937 
TV x G x Tr xA 2 18.2003 
Residual 48 288.6933 
Total 71 404.5732 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
1. 9668 
16.5313 
5.8168 
.1013 
3.1668 
13.8485 
2.1701 
7.3404 
3. 1667 
5.0938 
. 0210 
. 8235 
2.6093 
.1469 
9.1002 
6.0144 
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F 
. 33 
2.75 
. 97 
• 02 
. 53 
2. 30 
• 36 
l. 22 
• 53 
• 85 
. 00 
.14 
• 43 
.02 
l. 51 
The analysis of variances indicates that there ar.e no experimental 
differences large enough to be considered significant. 
TABLE 79. ANALYSIS OF EXPERIMENTAL GAINS STEP TEST 
BOYS 1 SCORES ONLY. 
Source of Variation df Sum of Squares 
Television (TV) 1 5.5001 
Guide (G) 1 32..6701 
Training (Tr) 2. 2.3.1111 
Assignment (A) 1 6.42.01 
TVxG 1 4.6513 
TV x Tr 2. 53.5412. 
TVxA 1 2..0336 
Gx Tr 2. 2.5.5412. 
GxA 1 7.0313 
Tr x A 2. 9. 2.312. 
TV x G x Tr 2. 3.8532. 
TV x G xA 1 1.1500 
TV x Tr x A 2. 14.32.09 
G x Tr x A 2. 4.2.099 
TV x G x Tr xA 2. 10.72.47 
Residual 48 492..6533 
Total 71 696.6432. 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
5.5001 
32..6701 
11.5556 
6.42.01 
4.6513 
2.6.7706 
2..0336 
12..7706 
7.0313 
4.6156 
1. 92.66 
1. 1500 
7.1605 
2..1050 
5.362.4 
10. 2.636 
F 
.54 
3. 18 
1.13 
. 63 
• 45 
2..61 
• 2.0 
1. 2.4 
• 69 
. 45 
.19 
.11 
.70 
• 2.1 
• 52 
The analysis of variances indicates that there are no experimental 
differences large enough to be considered significant. 
TABLE 80. ANALYSIS OF EXPERIMENTAL GAINS STEP TEST 
GIRLS' SCORES ONLY. 
Source of Variation df Sum of Squares 
Television {TV) 1 • 4201 
Guide (G) 1 6.6612 
Training (Tr) 2 2.0886 
Assignment (A) 1 8.8901 
TVxG 1 . 2813 
TV x Tr 2 16.5170 
TVxA 1 19.5313 
Gx Tr 2 13. 3359 
GxA I 2.4569 
Tr x A 2 8.5070 
TV x G x Tr 2 5.9407 
TV x G xA 1 3.6900 
TV x Tr x A 2 7.8107 
G x Tr x A 2 .5418 
TV x G x Tr xA 2 20. 9272 
Residual 48 369.5067 
Total 71 487.1066 
* significant at the . 05 level 
** significant at the . 01 level 
*** significant at the . 001 level 
Mean Square 
.4201 
6.6612 
1. 0443 
8.8901 
. 2813 
8.2585 
19.5313 
6.6680 
2.4569 
4.2535 
2.9704 
3.6900 
3.9054 
. 2709 
10.4636 
7.6981 
005 
F 
. 05 
. 87 
.14 
1.15 
• 04 
1. 07 
2.54 
. 87 
. 32 
. 55 
. 39 
• 48 
• 51 
'04 
1. 36 
The analysis of variances indicates that there are no experimental 
differences large enough to be considered significant. 
APPENDIX C 
SCIENCE REASONING TEST I 
I!:NCE REASONING TEST - PART I - VERBAL GROUPING 007 
t to be reproduced in part or whole without permission of authors -- R. Garry and 
Dietmeier~ Boston University, School of Education). 
s is a test of your ability to group things that are alike and recognize things that 
different. 
1 question names five plants or animals. 
a) ;'ear b) Apple c) Cherry d) Peach e) Radish 
:- of the five are alike in some way. One of them does not belong in the group.· Which 
of the five does not have something that the other four have? Mark on the answer 
~t the one that does not belong in the group. 
~t administrat.or gives correct answer). 
try #2 and #3 to see if you understand what to do. 
a) Pumpld.n b) Squash c) Carrot d) Beet e) Corn 
a) Rabbit b) Deer c) Cow d) Bear e) Sheep 
, UNTIL YOU CHECK YOUR ANSWER. 
(a) Elephant (b) Dog (c) Tiger (d) Giraffe (e) Lion 
(a) Pumpkin (b) Carrot (c) Cherry (d) Cabbage (e) Lettuce 
(a) Apple blossom (b) Tulip (c) Pansy (d) Sun flower (e) Rose 
(a) Egg (b) Seed (c) Cocoon (d) Tulip bulb (e) Rabbit 
(a) Horse (b) Lion (c) Pig (d) Goat (e) Caw 
(a) Lion (b) Tiger (c) Leopard (d) Bear (e) Wild cat 
(a) Mouse (b) Bee (c) Elephant (d) Ant (e) Humming bird 
(a) Cow {b) Goat (c) Cat (d) Pig (e) Horse 
(a) Duck (b) Goose (c) Swan (d) Pelican (e) Hawk 
(a) Cod (b) Mackerel (c) Clam (d) Perch (e) Salmon 008 
(a) Robin (b) Sparrow (c) Wren (d) ,Parakeet (e) Finch 
(a) Horse (b) Donkey (c) Goat (d) Mule (e) Pony 
(a) Tiger (b) Jackel (c) Lion (d) Deer (e) Wolf 
(a) Wolf (b) Coyote (c) Collie (d) Raccoon (e) Cocker spaniel 
(a) Deer (b) Bear (c) Elk (d) Antelope. (e) Moose 
. .('' . 
(a)·Bat (b) Spider (c) Robin (d) Bee (e) Eagle 
(a) Reindeer (b) Seal (c) Walrus (d) Polar Bear (e) Buffalo 
(a) Willow (b) Pine (c) Maple (d) Elm (e) Oak 
(a) Birch (b) Oak (c) Maple (d) Elm (e) Willow 
(a) Potato (b) Tomato. (c) Lettuce (d) Cabbage (e) Sq~sh 
(a) Potato (b) Carrot (c) Beet, (d) Radish (e) Tomato 
I 
(a) Apricot (b) Peach (c) Banana (d) Plum (e) Pear 
{a) Oyster (b) Lobster (c) Clam (d) Scallop (e) Mussel 
(a) Cow (b) Goat (c) Horse (d) Sheep (e) Pig 
(a) Dog (b) Cat (c) Wolf (d) Hamster (e) Rabbit 
(a) Boston terrier (b) Boxer (c) Beagle (d) Dachshund (e) Collie 
(a) Pear (b) Radish (c) Tomato (d) Beet (e) Cherry 
APPENDIX D 
SCIENCE REASONING TEST ll 
:NCE REASONING TEST - PART II - VISUAL CLASSIFICATION 210 
: is a test to see if you can work like a scientist or a detective. Below are a 
er of objects that have been grouped together because they are alike in some way. 
are to discover in what way these objects are alike. Once you have discovered 
they are alike you are to place other objects that are alike in the same way in 
group. Study the figures below. In what way are the figures in each group alike? 
J "'a ~ ' o 'J l 
' . 
" 0 ,, 
• • . 0 •. (l 
. • d I 
• ~ • . 6 
0 ' • 0 .o. 
' ' 0"' ... ' 
© I 
I 
look at the figures below. In which of the groups does each figure belong. In 
p "A" 1 in group "B" or in group "Cit. If the figure does not belong in any of the 
ps you should mark it under "D" on. the answer sheet. 
@ 
D 
w are more difficult groups of figures. In what way are the figures in each group 
~? 
© 
[) 
dch group would you place the figures below. 
M· 
·'. '·., 
•• 
r' ~--~ 
,fl!'' 
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Ldy the above groups of figures. Determine how the figures in each group are alike. Then 
Ldy the shapes drawn beJ.ow and decide in which of the above groups each t'igure belongs. 
·k your choice in the 11A11 , "B" or 11011 column on the answer sheet. If you feel that the 
:ure does not belong in a~ of the three groups mark the 11D11 column. 
B c 
Study the above groups of figures. Determine how the figures in each group are alike. Then 
study the shapes drawn below and decide in which of the above groups each figure belongs. 
Mark your choice in the 11A11 , 11B11 or ''C" column on the answer sheet. If you feel that the 
figure does not belong in any of the three groups mark the 11D11 column. 
D 
) 
B c 
;udy the above groups o1' figures. Determine how the figures in each group are alike. Then 
;udy the shapes drawn below and decide in which of the above groups each figure belongs. 
Lrk your choice in the 11A11 , "B" or 11011 column on the answer sheet. If you .feel that the 
.gure does not belong in any of the three groups mark the 11D11 column. 
c 214 
·~ 
t.udy the above groups of figures. Determine how the figures in each group are alike. Then 
t.udy the shapes drawn below and decide in which of the above groups each figure belongs. 
U'k your choice in the 11A11 , 11B" or 11 011 column on the answer sheet. I£ you feel that the 
tgure does not belong in any of the three groups mark the 11D11 column. 
APPENDIXE 
SCIENCE REASONlNG TEST m 
N"CE REASONING TEST - PART III - FACTUAL REASONING 216 
to be reproduced in part or whole without permission of authors - R. Garr,y-
letmeier, Boston University, School of Education) 
is a test of your ability to use factual information in the answering of a question. 
iin facts when thought of together make it possible for you to arrive at new facts. 
~:x:ample: 
No. 1 The balls in the box are red. 
No. 2 Mary took the ball from the box. 
~act The ball that Mary has is red. 
~imes you may have to have more than two facts to be able to have a new fact. 
~xample: 
No. 1 The balls in the box are red. 
No. 2 Mary took the ball from the box. 
No. 3 Mary gave the ball to Jim. 
~act The ball that Jim has is red. 
'hree of the above facts are needed to make the new fact true. You cannot tell 
color Jim's ball is if you do not have all of the facts. For example: What is 
:olor of Jim's ball using the facts below? 
No. 1 The balls in the box are red. 
No. 3 Mary gave the ball to Jim. 
~or example: What would the color be if we used the following facts? 
No. 2 kary took the ball from the box. 
No. 3 Mary gave the ball to Jim. 
~ed al~ three facts before you can tell the color of Jim's ball. 
times when you are solving a problem you have more facts than you need. You 
use those facts that are needed for solving the problem and skip over the others • 
. f you can decide which facts you need to solve the following problem. 
PROBIEM What is the color of the ball which Jim has? 
FACTS a) Mary took the ball from the box. 
b) The balls in the box are made of rubber. 
c) Mary gave the ball to Jim. 
d) The balls are in a red box. 
e) The balls in the box are green. 
ANSWER ~ .btU .:tAt r<L LJJL ~~ t/UAV, 
, you have answered the question, mark on the answer sheet those facts which 
.sed in deciding the answer to the question. 
. taking this test be sure to keep the fol1owing points in mind. 217 
Read the question carefully. Make certain that you understand what the problem is. 
Study the facts and decide which ones are needed to answer the question. 
Using the needed facts write down the answer to the question in the space provided. 
Then, on the separate answer sheet mark the facts that you needed to answer the 
question• Remember, mark only those facts that are needed. Do not mark more than 
you need, but be sure that you mark all that are needed. 
The number of needed facts will be different with each item. You may only need 
two facts in one problem while you will need five in another. 
w try the following practice questions to see if you understand what to do? 
lCTICE PROBLEMS 
• 
PROBLEM Do whales nurse their young? 
FACTS a) Whales are mammals. 
b) P..aby whales are born alive. 
c) Whales are mammals that live in the ocean. 
d) :Mammals nurse their young. 
e) Whales get their air through lungs. 
~~ 
PROBLEM Can animals, other than those classified as birds, .tly? 
FACTS a) All birds have feathers. 
b) Bats bear their young alive. 
c) Bata are night animals. 
d) Bats do not have feathers. 
e) Bats can ny. 
ANSWER ~ 
One day the farmer saw a hawk swoop down and carry off a chtcken. So the farmer 
killed all the hawks that came around his farm. More chickens were eaten after 
he killed the hawks than before. Why? 
FACTS a) There are rats on the farm. 
b) Hawks eat rodents. 
c) Rats eat chickens. 
d) Rats are rodents. 
e) Rats eat grain. 
ANSWER fiUt_ut 
ewa..1: 
STOP 
15· We can live longer without food than we can without water. Why? 
FACTS a) All living things need water. , 2l.8 
b) Water is composed of hydrogen and oxygen. 
c) Extra food is stored in the body in the form of fat. 
d) Water is needed to remove waste products. 
e) The body loses water through the skin. ._ 
ANswml a.a ' i.lli,Yinj' L"~ allt.d .wa?l!u fl/tt.lf' -~ 
u.IJII/JI.L 7/t.om ~~ . tit. .~ ." , · I w<t&0 I Attmtl?t& ~ 
Several people in a partic:uJ..ar area became quite sick. Why? 
'. 
96! 
FACTS a) Anopheles mosquitos live in a near by swamp. 
b) Grandma Jones says that '\:.hey have "night sickness. n 
c) Typhoid makes people sick. 
d) Malaria is carried by the anopheles mosquito. 
e) Malaria makes people sick. 
ANSWER ~.1/:za.:v ti..,!L iN 4k /l1L& I htf, Mtffl~ 
zi,€fi ea~ & rki.t.i.O.AL tlwr an,k_IA, ~ 
Why were th~ so mai;asshoppers on Mr. Jones's farm? 97. 
FACTS a) Grasshoppers are classified as Phylum Arthropoda. 
b) Birds eat insects. 
c) Mr. Jones kills all birds that come to his farm because 
they eat his grain. ~ 
d) Grasshoppers are insects. 
e) S~me birds live off seeds rather than insects. / 
ANswml~ ·~ .iuuucL. IJvt.ti .,.~~.4-d'~LU OA( 
A41r41&-z-M, 
98. Arnold caught a caterpillar and put it in a jar and then screwed 
on the lido Several hours later he found the caterpillar dead. 
Why? 
99. 
FACTS a) The caterpillar eats leaves. 
b) Living things use up oxygen from the air. 
c) The caterpillar is a stage in the metamorphosis of a 
butterfly. 
d) Living things need oxygen in order to live. 
e) Arnold did not poke holes in the jar to let in air. 
ANSWER t!atvyu'Lbu4 fJtlU'.4i ctiAJ.fd LA& yVtt.d r0ttv// 
~ fs,ut;,_~.M/LUI.L tJ"'- Lld, k ,&z@..,_,; 
Can you keep a squirrel in ~ cage? 
FACTS a) Squirrels live in hollow trees. 
b) Squirrels are classified as rodents. 
c) Rats~ mice and chipmunks are classified as rodents. 
d) Rodents have sharp teeth for gnawing wood. 
e) Trees are made of wood. 
~~~~~~~a~~)~--------------------------------------------
>O. How can you increase the number of bass in a lake? 
>1. 
12. 
ANSWER 
13. Ji.Jmrzy" ate some cream puffs and became very sick~ Why? 
FACTS a) Some bacteria make food poisonous. 
b) Cream puffs contain a very rich filling. 
c) Too much rich food is not good for your health. 
d) Bacteria grow rapidly in warm cream puffs. 
e) The cream puffs had been left out of the ice box 
for several days? 
ANS~----------------------------------------------------------~ 
04. The men on the ship came down with a disease called scurvy. 
Why? 
FACTS a) The men on the ship did not have fresh fruits and 
vegetables to eat. 
b) Men who sail ships lead a dangerous life. 
c) Scurvy is controlled today through proper diets. 
d) Our main source for vitamin ••c• is fresh fruits and 
vegetables. 
e) Scurvy is caused by a lack of vitamin "C" • 
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AN~=R-----------------------------------------------------
.05. Bill became sick. Why? 
FACTS a) Mosquitos grow in stagnent water. 
b) Some bacteria are harmful. 
c) Bill went swimming in a stagnant pool of- water. 
d) Most city swimming pools are treated with chlorine 
in order to control bacteria growth. 
e) Bacteria grow in stagnent water. 
AN~~---------------------------------------------------
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what time will birds usually live 
f'locks? 
nesting 
finding mates 
traveling 
feeding 
lch of· the following is ·fed on 
Lk produced by the mother? 
the hen 
the eel 
the grey squirrel 
the ostrich 
~oves turn toward the 
soil 
water 
warmth 
light 
' 
~ smallest living thing is 
an insect 
a bacterium 
the sea alga 
an ameba 
Lch statement is, the best answer? 
Coal is a farm of rock. 
Coal is a plant. 
Coal comes from trees that lived 
on high plateaus million of years 
agoe 
Coal is the canpressed remains of 
plants that grew in swampy forests 
of the Carboniferous age. 
~cipitation, evaporation and trans-
~ation are all parts of the 
rock .. cycle 
carbon' cycle 
nitrogen cycle 
water·cycle 
learn most about early life on this 
~h from the study or 
oc~an life 
rocks 
fossils 
life in the jungles 
. 
a. Which of the following does not need 
a mate in order to reproduce? 
a. a frog 
b. a snake 
c. a starfish 
d. an earthworm 
9. White cells in the blood 
a. destroy germs 
b. make blood clot 
c. carry oxygen to the cells 
d. outnumber the red cells 
10. How are seeds with wings distributed? 
a. by birds 
b. by squirrels 
c. by the wind 
d. by sticking to fur 
ll. Which of the following is on the border-
line between the living and the non-
living 
a. fungi 
b. bacteria 
c. viruses 
d. carbohydrates 
12. The male deer uses his antlers to 
a. protect himself from other anima] s 
b. dig up food 
c. balance his weight when he runs 
d. attract the female deer 
13. Which one of the following would not 
be found in the same environment? 
a. walrus 
b. polar bear 
c. ptarmigan 
d. muskrat 
1.4. 'Which of the following is not the reason 
for why the dinosaur became xtinct 'l 
a. they were killed off by man 
b. they could not adapt to climate 
changes 
c. they could not find enough food 
d. they were cold-blooded animals 
ed blood cells carry 
0 
0 
.. 
0 
antibodies 
o~gen 
hormones 
urea 
tli.ch of the following animals live in 
ell-organized colonies and are good 
uilders of homes? 
o rabbits 
o muskrats 
o buffaloes 
.. squirrels 
ne green material in leaves 
. 
o 'protects the plant from the heat of 
the sun 
• works with the sun light to produce 
sugar 
o does nothing more than give the leaf 
color 
• is there to protect green bugs 
he chief use of scientific experiments 
B 
0 
• 
0 
0 
to amuse ourselves 
to learn things 
to entertain friends 
to prove argunents 
~ich one of the following statements is 
alse? 
.. Plants do not need food, but animals do. 
o Plants turn light from the sun into 
chemical energy, but animals do not. 
o Plants are usua~ attached to one place 
and cannot move about, but animals can 
move from place to place. 
.. Animals are more sensitive and alert 
than Plants because they have nerves 
and muscles which plants do not hava. 
ne main food supply for coyotes is rabbits 
ut occasionally they will prey on sheep .. 
rancher decided to eliminate all the 
oyotes from the range so that the sheep 
ould be better protected•. Which of tbe 
ollowing should ~ be made? 
• The rabbits would increase in number • 
., The sheep would have less foodo 
.. 'l'he rancher would entirely solve his 
·problem .. 
• The ~ood chain would be upset .. 
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21. A 'plant that contains no chlorophyll 
is the 
a. dandelion 
b. 
Co 
sea weed 
fern 
d. mushroom 
22. An insect uses its antennae 
a. to help get its food 
b.. to aid in walking 
c. as weapons 
d. as feelers 
23. The fur of white-tailed jack rabbit 
turns white in the winter. This helps 
·.r·. to make the rabbit prettier 
o to protect the rabbit from the cold 
c. to protect the rabbit from his 
enemies 
d. all of these 
24. Which of the following methods of repro-
duction makes for the greatest possible 
differences in the organism that is 
born? 
a.. binary fission 
b o sexual (both parents) 
·Co asexual (one parent) 
d. budding 
25. "vlhen we classify animals and plants 
it helps us (choose the best answer) 
a. to put our house in order 
b. to be less mixed-up about living 
things 
c. to understand life better by 
showing us how all life is 
related to each other 
d. to find information about a certain 
p.;I.ant or animal anytime we want it 
26. An animal that is born in the water 
and later lives on land is called 
a. a vertebrate 
b. an amphibian 
co a gastropod 
d. a mollusk 
27 o All living things live in 
a. water or air 
b., water 
Co air 
do soil 
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lhich of the following does not belong to 34. -Which one of the following statements 
his group? is not true? 
.. the pine tree 
• the oak tree 
:. the juniper tree 
.• the fir tree 
he earliest farms of life started 
. ., in the waters or ·the ocean 
·., from rocks 
:. in trees 
.• in the air 
lhich of the following forms of life 
~oes not lay eggs? 
-- ' 
. , spider 
'• grasshopper 
:. caterpillar 
le frog 
. whale is one or the following 
'• a mammal 
,,. a fish ·. 
:. a reptile 
.• a sea monster 
[a.ry has a pet hen which she keeps in a 
en outside the window of her room. It 
.aid several eggs every. day. Mary 
lecided one day to let the mother hen 
:eep her eggs so that she could have 
1aby chicks. For some unknown reason 
•he mother hen died. Mary built an 
.neubator using an electric light bulb. 
~he put the eggs in it and waited for 
•hem to hatch. A.f'ter several weeks aU · 
•he eggs were rotten. Why didn't the 
tggs hatch? 
•• Whatever killed the mother also 
killed the baby chicks. 
1. The eggs were not fertilized. 
:. Mary had not built the incubator 
correctly. 
l. Eggs can be hatched only by the 
mother hen •. 
~daptation is necessary for 
~. soil formation 
lo survival 
: • . gravity 
l.. heat 
a. A plant or animal that is now a 
fossil was buried millions or years 
ago before it decayed. It was buried 
by natural forces such as floods, 
avalanches, earthquakes, and so on. 
b. .Fossils existed on this earth before 
there was any kind of life around. 
e. From the study of fossils we know 
that millions of years ago there 
were certain kinds of animals 
living on this world that can no 
longer be found anywhere. 
d. The earliest forms or life "Were so 
small and their bodies so so.f't that 
no fossils or them have yet been 
found • 
35. The behavior of most animals is governed 
by 
a. by thinking 
b. by instinct 
e. by study 
d. by learning 
36. Garden spiders spin webs to 
a. shed rain 
b. make a home 
e. catch insects 
d. keep warm 
37. To which of the following activities 
can the food supply of the world be 
traced? 
a. The activity or the cytoplasm 
b. The activity of ehranatin 
c. The activity or cellulose 
d. The activity or chlorophyll 
38. Which or the following an:iJD.al.s differs 
most from the others in its food 
gathering methods? 
a. clam 
b. oyster 
c. sponge 
d. squid 
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Wh.ich is the most unique functional feature 46. 
that distinguishes green plants from animals. 
Our best source of information about 
animals that lived over a hundred 
thousand years ago is 
a.. mode of respiration 
b., ability to manufacture food from 
inorganic matter 
c. greater extremes in length of 
life span 
d. mode of reproduction 
Besides the new plant, most seeds hold a 
store of 
a.. food 
b. warmth 
c. water 
do eggs 
Living things 
a.. sometimes can live entirely alone 1 
b., depend on each other for food and 
shelter · 
I 
c. have little influence on each other 
d. all have about the same environments 
it'hich one of the following has been on 
the earth the longest? 
a.. man and other mammals 
b. fishes 
Co bUds 
:i. reptiles 
When Peter opened the cellar door he tried 
~~ keys until he found the one that would 
open it. Peter's behavior is an example of 
a. testing a re~sonable guess 
b. logical reasoning 
c. trial and error 
::1. learning trom past experience 
Of the following, the best way to classify 
animals is by: 
!lo their color 
b. their size 
c. ,the region in which they live 
io their living habits and the kind 
of bodies they have 
l migrating bird is one that 
a. never builds a nest or raises a family 
b., spends different parts of the year in 
different places 
c. never returns to the place it has left 
io spends ail entire year in om place 
a. Darwin's theory of evolution 
b. paintings on cave walls 
c. the animals that are living today 
d. fossils 
47. The term "cold-blooded" means that an 
animal 
a. has cold blood 
b. must live in a warm climate 
c. has no circulatory system 
d. tends to take on the temperature 
of his environment 
48. Which of the following is a true fish? 
a. jellyfish 
bo starfish 
Co crayfish 
do swordfish 
49. The most important feature in a 
community of living things is 
a. the food chain 
b o sexual reproduction 
c<> predation 
do none of these 
5o. A cell soon dies if it has no 
a. chloroplasts 
b. nucleus 
c. cellulose 
do cell wall 
· 51. Where is a green-colored insect most 
likely to hide? 
a. under rocks 
b. in crevices 
c. on plants 
do on tree bark 
52. If all insects were destroyed, which 
of the following would occur? 
a• the disappearance of many plants 
be better soil 
c. better living 
d. better balance in nature 
Green plants get their nitrogen directly' 
rrom 
a. soU 
o. air 
c. rain . 
d.. none of these 
llushrooms reproduce from 
a.~ 
b. bud 
c. seeds 
d.. spores 
llolds get their energy from 
a. the sun 
b.. water 
c. other plants and animals 
d.. from nonorganic chemicals in the soU 
llhich animal gives care to its ;young? 
a. the garter snalca 
b. the robin 
~.. the turtle 
d.. the codfish 
lh.o is right? Paul says that all living 
t.hings are made up of cells. Jane says 
lihat only animals are ~ up of cells and 
plants are different. Johzm1' says that 
only primitive fo:nns of life are made up 
of cells. Mary thinks the others are all 
~~rong. 
a. Paul 
Do Jane 
e. Job.nny 
d. •. Mary 
ln example of asexual reproduction would be 
a. an oak tree growing an acorn 
o. a queen bee growing trom larva 
c. an ameba. dividing in two 
d.. a cat giVing birth to kittens 
!4ovement in animals is dependent upon 
a. contraction of muscle 
o. a strong skeletal s,rstem 
c. a, well-developed cerebral cortex 
d. all of these 
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60. Which of the following organisms 
live in a symbiotic relationship 
with only legumes? 
a. bees 
b. nitrogen-f'ixing bacteria 
c. lichens 
d. termites 
61. 1rhich of the following is not a true 
likeness between the ·amphibian and 
the reptile? 
a. both are cold blooded 
b. both are vertebrates 
c. both have lungs 
d. both have larva stages 
62 • Man canpetes for food most otten with 
a. other animals 
b. birds 
c. insects 
d. fungi 
63. Which of the following is the most 
social animal? 
a. the bee 
b. the mountain lion 
c. the deer 
d. the seal 
64. A pollen grain is best defined as a 
a. male sperm cell 
b.· spore mother cell 
c. partiall.y developed embr;yo 
d. none of these 
65. Energy is obtained from food llh.en it is 
a. swallowed 
· b. oxidized 
c. chewed 
d. digested 
66. Of the following which bas the greatest 
control over the numbers and distribu-
tion of animals? 
a. the number of females 
b. the variety and quantity of plant 
life 
c. the number of males 
d. the proportion of males to females 
The male sax organ in the fiower is tile 
a. pistil 
b. stamen 
c. petal 
d. sepal 
The blood system of man is 
a. closed 
b. open 
c. open in·places 
d. open at one end 
ln orange if left in a warm damp 
place will soon becane moldy. This 
nold started fran 
a. the effect of heat and moisture on 
the carbohydrates in tbe orange 
b. spores 
c. bacteria 
d. bruises on the orange 
Ul energy- and most material things in all 
living things must pass through which form 
a. animal 
b. minerals 
c. green plants 
d. none of these 
rhis animal eats primarily' 
a. small insects 
b. leaves 
c. worms 
:1 411 bark 
rhis is a picture or the 
a. paramecium 
b. spore 
c. diatan 
i. ameba 
2Zl 
73. This is a pic~ure of a seed. Most 
likely' it will be moved from place 
to place by 
a. being blown by wind 
bl beirig eaten by aniDial.s 
c. floating down a stream 
d. oatching on the fur of an animal 
74. This is a picture of the lower jaw 
bone or • animal. This animal ate 
mostly 
7S. 
a. meat 
b. pla:rrt.s 
c. plants and meat 
d. rmts 
This is a picture of the Portuguese 
Van of War. It lives in the sea. 
It is 
a. a fish 
b. an an:fmal 
c. &'plant 
d. a fiower 
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